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the revolutionary fiber glass 
reinforced epoxy pipe 
for corrosive service 


Here’s a pipe that holds up indefinitely under the corrosive 
ee: eat ‘ ° 9 Easy to install, with choice of lock- 
action of many salt, acid and alkaline solutions. . . that can’t ing wedge or threaded fittings. 


contaminate or flavor the piped material...that is rigid 
enough to resist sag, cold flow or deformation — flexible 7 # 
enough to follow normal ditch contours...that remains tle, 
smooth and unclogged throughout its entire service life... 

that won’t leak, even near its burst pressure. 


IN THE CHEMICAL INDUSTRY... 


This means that you can use 
BONDSTRAND to transport 
corrosive solutions, waste water, 
sewage, oils, foods, beverages 

and many other troublesome fluids. 
It’s also ideal for ducting, conduit 
or handrails where corrosive 
atmospheres, condensation, spillage 
or immersion cause troubles 

with ordinary pipe. 


® 
CORPORATION 


Dept. GD °© 4809 Firestone Boulevard © South Gate, California 


921 Pitner Avenue 360 Carnegie Avenue 2404 Dennis Street 6530 Supply Row 
Evanston, Illinois Kenilworth, New Jersey Jacksonville, Florida Houston, Texas 


A Subsidiary of American Pipe & Construction Company 





cORBAN 


now available 
through 165 points 
an the oil country 


Corban®, Dowell’s family of polar-type corrosion inhibitors, 
is now available through 165 service points and offices in 
the oil and gas producing areas of the United States, 
Canada and Venezuela. 

Now you can get effective corrosion protection for your 
oil and gas wells, without unnecessary freight costs and 
delays caused by shipping from distant points. 

In addition to ready availability, Corban offers other 
important advantages. It is made in more than a dozen 
formulas, and comes in several forms: “ready-to-use” liquid, 
concentrated liquid and sticks—to meet your well problems. 

No matter where your wells are, no matter what your 
well conditions, no matter how you want to apply it, you 
can get the effective corrosion inhibitor—Corban. Call any 
of the 165 Dowell offices for an engineered corrosion study. 
In Canada, call Dowell of Canada, Ltd.; in Venezuela, United 
Oilwell Service. Dowell, Tulsa 1, Oklahoma. 


Products for the oil industry <> 
DIVISION OF THE DOW CHEMICAL COMPANY 
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Here’s proof of standard wrought iron’s piping longevity... 
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Over 250,000 fibers of glasslike iron silicate guard each cross-sectional square inch of wrought iron pipe against corrosion 


Now—4-D Wrought Iron Pipe assures even longer service life 


There’s a practical, fool-proof way to evaluate a piping 
material’s potential in corrosive service: check its per- 
formance under actual field conditions. 

The photo above shows how standard wrought iron 
pipe measures up when this service-life yardstick is 
applied. Here you see actual samples taken from wrought 
irgn pipe installations in a variety of corrosive services. 


Some of these sections came from buildings that were 
being torn down. Some were cut from in-use installa- 
tions by our laboratory staff. They tell a convincing 
story of piping longevity. 

Now, new 4-D Wrought Iron is available to further 


augment the qualities of standard wrought iron, known 
for decades as the optimum in corrosion resistance. And 
increased corrosion resistance, improved mechanical and 
physical properties and greater uniformity widen the 
gap between 4-D Wrought Iron and ferrous substitutes. 
In-service and comparative laboratory tests support 
this conclusively. 

Ask the Byers representative to relate the advantages 
of new 4-D Wrought Iron to your corrosive applica- 
tions. And write us for new 4-D Wrought Iron literature 
and test data. A. M. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


BYERS 4-D WROUGHT IRON 


SS TUBULAR AND FLAT ROLLED PRODUCTS 


ALSO AMBALLOY ELECTRIC FURNACE STEELS AND PVC PIPE AND SHEET 


Corrosion costs you more than Wrought Iron 





pipe protection 
for the future... 


available from 4 


strategically located plants 


Micximum pipe protection, the only kind 

worth buying, is available from four permanent 
Hill-Hubbell plants — Hammond (Indiana), 
Denver (Colorado), Youngstown and Lorain (Ohio). 


Here in fully enclosed, all-weather factories, pipe 
is coated-and-wrapped to your requirements 
under precisely controlled conditions. Maximum 
life expectancy is assured by modern equipment, 
skilled workers, positive quality control. 
On-schedule delivery is assured by large capacities, 
huge pipe stock-piling yards, convenient trans- 
portation facilities. 


The best pipe protection is the most economical ae 
in the long run, so specify Hill-Hubbell — the name = . - eee 
synonymous with quality in coated-and-wrapped pipe. z , 


Specify Hill-Hubbell wrapped pipe on your next job... 


EFLILL.:- FU BBELL, 


HILL-HUBBELL & CO. © 3091 MAYFIELD RD. © CLEVELAND 18, OHIO 
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Wynnewood, Okla. 


T-2H-5 To Review and Encourage 
Publication of Technical Articles on 
Asphalt-Type Protective Coatings 

L. S. Parker, Chairman; Fibreboard 
Paper Products Inc., 475 Brannan, 
San Francisco, Cal. 


T-2J Wrappers for Underground Pipe 
Line Coating 


R. A. Brannon, Chairman; Humble 
Pipe Line Co., P. O. Box 2220, 
Houston 1, Texas. 


L. B. Nelson, Vice Chairman; Shell 
Pipe Line Co., P. Box 2648, 
Houston, Texas 


T-2]-1 Asbestos Felt 
T-2J-2 Glass Wrap 


T-2]-3 Glass Base Outer Wrap 

F. B. Burns, Chairman; Kerr-McGee 
Oil Industries, Inc., Box 305, 
Wynnewood, Okla. 


T-2]-4 Rag Felt 
L. £ Pacer, Chairman; Pabco Indus- 


tries, 475 Brannan St., San Fran- 
cisco, Calif. 

T-2]-5 Rock Shield 

Henry B. Hutten, eee The 


Ruberoid Co., 5th Avenue, 
New York 36, New York. 


T-2K Prefabricated Plastic Film for 
Pipe Line Coating 

J.. J. _ Wise, Chairman; 
Louisiana Gas Co., 
Shreveport, La. 

H. D. Segool, Vice Chairman; The 
Kendall Co., Polyken Sales Divi- 
sion, 309 West Jackson Bivd., 
Chicago, Ill. 


T-2K-1 Standards 

H. D. Segool, Chairman; Kendall Co., 
Polyken Sales Div., 309 W. Jackson 
Blvd., Chicago, Ill. 


Arkansas- 
Box 1734, 


T-2K-2 Research and Development 
H. A. Hendrickson, Chairman; 
Minnesota Mining & ie, Co.. 906 
Fauquier St., St. Paul, Minn. 
(Continued on Page 8) 
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- Industry steel savings with the use of 


d Pipe 


1 Amchem Rodine™ would reach from earth to moon! 


; Shell 
2648, 


Steel saved through use of Amchem Rodine pickling acid inhibitors goes into more 
product, for more profit—the result of faster processing time, reduced production 
costs, and improved quality in the pickled product! 


If you pickle steel . . . you need Amchem Rodine, for years the international standard 
in pickling bath inhibitors. And double check Amchem’s full time technical engineering 
and advisory assistance to help you get the most from pickling acid inhibitors! 


Based on estimated steel production of 40 million 
tons per year, the savings in acid with the use of 
Amchem Rodine would be 4 pounds per ton, 
which approximates 2 pounds of steel saved per 


ton. Produced in the form of one-quarter inch save on steel! 

diameter wire, this steel would stretch to a dis- d! 

tance of 240,000 miles—ample enough to reach SOUS. OR Glue: 
save on pickling costs! 


from earth to the moon with mileage to spare! 


Amchem Rodine is another chemical development of Amchem Products, Inc. (Formerly American Chemical Paint Co.) Detroit, Mich. « 
St. Joseph, Mo. * AMBLER 32, PA. « Niles, Calif. » Windsor, Ont. / Amchem and Rodine are registered trademarks of Amchem Products, Inc. 
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T-2K-3 History and Results 

F. E. Costanzo, Chairman; Manufac- 
turers Light & Heat Co., 800 Union 
Trust Bldg., Pittsburgh, Pa. 


T-2L Wax-Ty 
Component Wrappers 

J. O. Mandley, Chairman; Michigan 
Consolidated ‘Gas Co., 415 Clifford, 
Detroit 26, Mich. 


I. E. Davis, Vice Chairman; 2140 
Bethel Road, Columbus 21, Ohio 


Pipe Coatings and 





Battelle 
Memorial Institute, 505 King Ave- 
nue, Columbus, Ohio 


D. A. Vaughan, Chairman; 


T-3A Corrosion Inhibitors 


S.K. Coburn, Chairman; Association 
of American Railroads, 3140 South 
Federal St., Chicago, Ill. 


L. C. Rowe, Vice Chairman; Research 
Staff, General Motors Corp., Box 
188, ‘North End Station, Detroit 2. 

1c. 


T-3A-1 General Theory of the Action 


of Corrosion Inhibitors 


W. W. Sweet, en Research & 
Development De Colgate Pal- 
molive Co., 105 Gabon St., Jersey 


City, N. J 


T-3A-2 Methods of Testing & Screen- 


ing Corrosion Inhibitors 
(Chairman to be Selected) 


T-3A-3| Materials Available for and 
Application of Corrosion Inhibitors 


8450 Ferry 


Michigan 


Lyle A. Timm, Chairman; 
Road, Gross Ile, 


T-3B Corrosion Products 

A. H. Roebuck, Chairman; The 
Western Co., Midland Tower Bldg. : 
P. O. Box 310, Midland, Texas 

D. A. Vaughan, Vice Chairaan. Bat- 
telle Memorial Institute, 505 King 
Avenue, Columbus, Ohio. 


T-3C Annual Losses Due to Corrosion 
S. K. Coburn, Chairman, Association 
of American Railroads, 3140 South 
Federal Street, Chicago 16, Illinois 


T-3D Instruments for Measuring 
Corrosion 


E. H. Thalmann, Chairman; Ebasco 
Services, Inc., 2 Rector St., New 
York, ¥. 


F. W. Ringer, 


Vice Chairman; 7 
Hampden Ave., 


Narberth, Pa. 


T-3D-1 Electrical Hotiday Inspection 
of Coatings 

W. A. Broome, Chairman; Arkansas- 
Louisiana Gas Co., Box 1734, Shreve- 
port, La. 


T-3E Railroads 


LL 2 notes Chairman; The Pull- 
man Engineer of Research, 
Room 5- S64 Merchandise Mart Plaza, 
Chicago, III. 


G. M. Magee, Vice Chairman, Assoc. 
American Railroads, 3140 South Fed- 
eral Street, Chicago, III. 


T-3E-1 Corrosion of Railroad Tank 
Cars 
R. Spraul, Chairman; General 


“American Transportation Corp., 150 
West 151st Street, East Chicago, ‘Ind. 





Cc. M. Jobat Vice Chairman; DeSoto 
Paint & Varnish Co., P.O, Box 186, 
Garland, Texas. 


L. R. ienanioe, Vice Chairman, En- 

Bere, prasegsete Group, *Eng. 

. du Pont emours & 

— 13W15 Louviers Bldg., 
Wiltainmte, Del. 


T-3E-2 Corrosion in Railroad Hopper 


‘ars 
C. L. Crockett, Chairman; Norfolk 


and Western Railway, Motive Power 
Dept., Roanoke, Va. 


T-3F Corrosion by High Purity Water 

R. U. Blaser, Chairman; Research 
Center, Babcock & Wilcox Co., Box 
835, Alliance, Ohio. 

M. C. Bloom, Vice Chairman; Metal- 
lurgy Div., Naval Research Lab., 
Was' ington, D.C 


T-3F-2 Inhibitors 


R._C. Ulmer, Chairman, Combustion 
Engineering Co., 200 Madison Ave- 
nue, New York, ’N. Y. 


T-3F-3 Corrosion Products 


W. L, Pearl, Chairman, General Elec- 
tric Company, Atomic Power E uip- 
—— Dept., Box 254, San Jose, 

al 


T-3F-6 Intercommittee Activities 


E. P. Partridge, Chairman, Hall Labs., 
Box 1346, Pittsburgh, Pa. 


T-3F-7 Bibliography 

W. K. Boyd, Chairman; Battelle 
Memorial Institute, 505 King Ave., 
Columbus, Ohio 


T-3G Cathodic Protection 


Dr. T. P. May, International Nickel 
Co., Inc., P. O. Box 262, Wrights- 
ville Beach, North Carolina 


T-3G-1 Cathodic Protection of Hull 
Bottoms of Ships 

L. P. Sudrabin, Chairman, Electro 
Rust-Proofing Corp., Box 178, New- 
ark, New Jersey. 


T-3G-2 Cathodic Protection of Heat 
Exchangers 


R. B. Teel, Chairman, The Interna- 
tional Nickel Co., Inc., Box 262, 
Wrightsville Beach, N. C 


T-3G-3 Cathodic Protection of Process 
Equipment 


A. A. Brouwer, Chairman, The Dow 
Chemical Co., Midland, Michigan. 


T-3H Tanker Corrosion 


WwW. &. uimby, Chairman; Res. & 
Tech. ept.s The Texas Company, 
Box 509, Beacon, New York. 


7 Mrnittee 





D. R. Werner, Chairman; American 
Tel. & Tel. Co., Room 1701, 324 
East 11th St., Kansas City 6, Mis- 
sour, 

J. B. Prime, Jr., Vice eee: 


Fiorida Power & Light Co., P. 
Box 3100, 


T-4A Effects of Electrical Grounding 
on Corrosion 

T.. R. Stilley, 
Electric Mfg. Co., 
Ogallala, Neb. 

O. W. Zastrow, Vice Chairman; Elec- 
tric Engineering Div., Rural Elec- 
trification Adm., U.S.D.A., Wash- 
ington 25, D. Cc. 


Miami 30, Flor ida 


Chairman; Good-All 
Good-All Bidg., 


T-4A-3 Methods and Materials for 
Grounding 
I. C. Dietze, Chairman; Dept. of 


Water & Power, Box 3669, Terminal 
Annex, Los Angeles 54, Cal. 





T-4B Corrosion of Cable Sheaths 

T. J. Maitland, Chairman, American 
Telephone & Telegraph Co., 32 Ave- 
nue of the Americas, New York, 


a 

. M. Clayton, Vice Chairman; Mem- 
his Gas, Light and Water Div., Box 
ah ee Tenn. 


T-4B-1 Lead and Other Metallic 
Sheaths 

T. J. Maitland, Chairman, American 
Telephone & Telegraph Co., 32 Ave- 
nue of the ericas, New York 13, 
New York. 


ig ty Cathodic Protection 
oa: Pokorny, Chairman; mes a4 
Electric Illuminating Co. oO. 
Box 5000, Cleveland 1, Ohion” 


T-4B-3 Tests and Surveys 
D. R. Werner, Chairman, American 
Telephone & Telegraph Co., 324 
East 11th Street, Room 1701, Kansas 
City, Mo. 
H. M. Clayton, Vice Chairman, Mem- 
his Gas, Light and Water Div., Box 
, Memphis, Tenn. 


T-4B-4 Protection of Pipe Type Cables 

H. W. Dieck, Chairman, Long Island 
Lightin Com ~~ ae _ Sountey 
Road, Hicksville, New York 

J. B. Prime, Jr., Vice Chaleme, Flor- 
ida Power & "Light Co., Box 3100, 
Miami, Florida. 


T-4B-5 Non-Metallic Sheaths and 
Coatings 

C. L. Mercer, Chairman; Southwest- 
ern Bell Tel. Co., Box 58, West- 
field, Texas 


T-4B-6 Stray Current Electrolysis 


J. Svetlik, Chairman, Northern Indi- 
ana Public Service Co., 5265 Hoh- 
man Ave., Hammond, Indiana. 

G. H. Cantwell, Vice Chairman J 
diana Bell Telephone Co., 2 
Meridian St., Indianapolis, Gales. 


T-4D Corrosion by Deicing Salts 
W. H. Bruckner, Chairman; Univer- 
sity of Illinois, Urbana, Illinois, 

K. G. Compton, Vice Chairman; Bell 


Telephone Laboratories, Murray 
Hill, New Jersey. 
T-4D-1 Procedures for Conducting 


Field Tests Below Ground 

F. E. Kulman, Chairman, Consoli- 
dated Edison Co. of New York, Inc., 
4 Irving Place, New York, N. Y. 


T-4D-2 Coordination of Field Pro- 
grams Between Cities and Transpor- 
tation Companies 


George Illig, Chairman, Calgon, Inc., 
323 Fourth Ave., Pittsburgh, Penn. 


T-4E Corrosion by Domestic Waters 

T. E. Larson, Chairman, Illinois State 
Water Survey, Box 232, Urbana, II- 
linois. 


J. F. J. Thomas, Vice Chairman, In- 
dustrial Water Section; Dept. of 
Mines & Tech. Surveys; 40 Lydia 
Street, Ottawa, Ontario, Canada 


T-4E-1 Hot Water Tank Corrosion 

R. C, Weast, Chairman: Associate Pro- 
fessor of Chemistry, Case Institute of 
Fennclogy, U ey Circle, 


Clevelan 


T-4F_ Materials Selection for Cor- 
rosion Mitigation in the Utility 
Industry 


W. T. Burgess, Chairman; Metropoli- 
tan Utilities District, 18th & Harney 
Street, Omaha 2, Nebraska 

C. Dietze, Vice Chairman; Dept. 
of Water & Power, Box 3669, Ter- 
minal Annex., Los Angeles 54, Cali- 
fornia. 


T-4F-1 Materials Selection in the 
Water Industry 

Daniel Cushing, Chairman, 148 State 
St., Boston, Massachusetts. 

Chester Anderson, Vice Chairman; 
The Crane Co., 836 South Michi- 
gan Avenue, Chicago 5, II] 


— 








Peter Kahn Metcalf & 
Eddy, 1300 Statice Bide Bosto:,, 
Mass. 

T-4F-2 Materials Selection in the 
Electric Industry 


F. E. Kulman, Chairman; Consoli- 
dated Edison Co. of New York, Inc , 
vor Place, New York 3, New 

or 


else ei eas ee 


T5 


tm ge teste rica yy 


C. P. Dillon, Chairman; Union Car- 
bide a Co., Div. of Union 
Carbide oe yh: O. Box 2831, 


Charleston, irginia 


T-5A Corrosion in Chemical Processes 


C. P. Dillon, bg Union Car- 
bide Chemicals > » Div. of Union 
Carbide Corp. O. Box 2831, 
Charleston, * Ve. 


W. H. Burton, Vice-Chairman, Gen- 
eral Chemical Division, 
Chemical & Dye Corp., Camden 3, 


New Jersey 
T-5A-I Sulfurie Acid 


W. A. Luce, Chairman, The Duriron 
Co., Box 1019, Dayton, Ohio. 


T-5A-3 Acetic Acid 


J. A. Manning, Jr., Chairman; 
Celanese Corp. of America, Box 
1414, Charlotte, N. C 


T-5A-4 Chlorine 


L. W. Gleekman, Chairman; Wyan- 
dotte Chemicals Corp., 1609 Biddle 
Ave., Wyandotte, Mich. 


G. F. Walther, Vice Chairman; West- 


vaco Chemical Div., Food Machin- 
ery & Chem. Corp., Box 8127, 
South Charleston, Va. 


T-5A-5 Nitric Acid 
N. D. Groves, Chairman; Apartment 
33-B, Brookline Manor, Reading, Pa. 


F. H. Meyer, Vice Chairman; Na- 
tional Lead Co. of Ohio, Box 158, 
_ Healthy Station, Cincinnati 31, 

10, 


T-5A-6 HF Corrosion 


T. L. Hoffman, Chairman, rae 
Petroleum Co., Atomic Energy Div. 
Box 1259, Idaho Falls, Idaho. 


F. H. Meyer, Jr., Vice Chairman; 


National Lead Co. of Ohio, Box 
158, Mt. Healthy Station, Cincin- 
nati 31, Ohio 

T._F. Degnan, Secretary; 701 W. 
22nd Street, Wilmington 2, Dela- 
ware 


T-5B High Temperature Corrosion 


R. T. Foley, Chairman; General 
Electric Co., corel jEn Lab., 
Room 2004, Bldg. , iichomee: 


tady, New York. 


David Roller, Vice-Chairman; 5844 
Access Drive, Dayton 3, Ohio. 


T-5C Corrosion by Cooling Waters 


T-5C-1 Corrosion by Cooling Waters 
(South Central Region) 


J._M. Brooke, Chairman; Phillips 
Petroleum Co., Sweeny Refinery, 
Sweeny, Texas 


T-5D Plastic Materials of Construction 


R. E. Gackenbach, Chairman; Amer- 
ican Cyanamid Co., Organic Chem- 


ical Div., Bound Brook, N. J 
O. H. Fenner, Vice-Chairman; Mon- 
santo Chemical Co., 1700 South 
Second St., St. Louis 4, Mo. 
T-5D-1 Questionnaires 
S. W. Mcllrath, Chairman, 151 E. 


214th Street, Euclid 23, Ohio. 
(Continued on Page 10) 
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17-YEAR_ PROTECTION 
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= 


Year After Year... More Evidence Proving That 


NWNEIGOVM Adds Years of Service Life 


to Gas Lines Underground or Under Water 


Right across the country, TAPECOAT installations 
prove that you get more for your money when you 
measure pipe protection with a calendar. 

Since this cost-cutting coal tar coating in tape 
form was first introduced in 1941, it has demon- 
strated its ability to withstand severe conditions 
underground or under water. TAPECOATED lines 
dug up after 17 years of service show no signs of 
deterioration on the pipe. 

Typical is the experience of a utility in a coastal 
area. For a thorough trial, this company applied 
TAPECOAT in areas where severe corrosive condi- 
tions were known to exist. The lines were dug up 
this year and, after years of service under severe 
conditions such as brackish waters and corrosive 
soil, the pipe showed no signs of corrosion, proving 


the quality of TAPECOAT protection. 

In terms of preventive maintenance and replace- 
ment costs, performances like this emphasize the 
most important consideration in buying protection. 
Remember, TAPECOAT is a hot-applied coal tar 
coating in tape form—designed for lasting protec- 
tion on pipe, pipe joints, service connections, me- 
chanical couplings, fittings, insulated lines, tanks, 
tie rods, and other steel surfaces vulnerable to 
corrosion. 

TAPECOAT comes in rolls of various widths and 
is available in asphalt. Where primer is desired, speci- 
fy TC Primecoat, the compatible coal tar primer. 

A TAPECOAT sales and service engineer is 
always available to help you on any corrosion prob- 
lem. Write for complete details today! 


The TAPECOAT Gmgprany 


TAPECOAT 


ORIGINATORS OF COAL TAR COATING IN TAPE FORM 


1529 Lyons Street, Evanston, Illinois 


REPRESENTATIVES IN PRINCIPAL CITIES 
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T-5D-2 Inorganic Acids 


R. J. Collins, Secretary; B. F. Good- 
rich Chemical Co., 3135 Euclid 
Avenue, Cleveland 15, Ohio 


T-5D-3 Inorganic Alkalies 


Peter Kimen, Chairman, Champion 
Paper & Fibre Co., Box 872, Pasa- 
dena, Texas. 


L. B. Connelly, Secretary, Eastman 


Chemical Products Company, 704 
Texas National Bank Building, Hous- 
ton 2, Texas. 

T-5D-4 Gases 


Beaumont Thomas, Chairman, Steb- 
bins Eng. & Mfg. Co., Eastern Blvd., 
Watertown, New York. 


T-5D-5 Water and Salt Solutions 


Paul Elliott, Chairman, Naugatuck 
Chemical mpany, Kralastic De- 
velopment, Naugatuck, Conn. 


T-5D-6 Organic Chemicals 


Wade Wolfe, Jr., Secretary, 73 Er- 
mana Drive, Buffalo 17, New York. 


T-5D-7 Engineering Design 

O. H. Fenner, Chairman, Monsanto 
Chemical Company, 1700 South Sec- 
ond Street, St. Louis 4, Missouri. 

K. A. Phillips, Vice-Chairman, Amer- 
ican Zinc, Lead & Smelting Co., 
P. O. Box 495, East St. Louis, IIli- 


nois, 


T-5D-8 Methods and Criteria for Eval- 
uating Plastics in Chemical Environ- 
ment 

R. F. Clarkson, Chairman, Olin Ma- 
thieson Chemical Corp., Mathieson 
Building, Baltimore, Md. 


T-5E Stress Corrosion Cracking of 
Austenitic Stainless Steel 


L. Miller Rogers, Chairman; Union 
Carbide Chemicals Co., Box 471, 
Texas City, Texas. 

E. V. Kunkel, Vice Chairman; Cela- 
nese Corp., Box 148, Bishop, Texas. 


i 6 Protective Coatings | 





L. S. Van Delinder, Chairman; Union 


Carbide Chemicals Co., Develop- 
ment Dept., South Charleston, 
W. Va. 


O. H. Fenner, Vice-Chairman; Mon- 
santo Chemical Co., 1700 South 
Second St., St. Louis 4, Mo. 

T-6A Organic Coatings and Linings 
for Resistance to Chemical Corrosion 

C. G. Munger, Chairman; Amercoat 
Corp., 4809 Firestone Bivd., South 
Gate, Cal. 

L. S. Van Delinder, Vice Chairman; 
Union Carbide Chemicals Co., De- 
oo Dept., South Charleston, 

; re 


J. I. Richardson, Secretary; Amercoat 
Corp., 4809 Firestone Bivd., South 
Gate, Cal. 


T-6A-1 Rubber Linings 


R, McFarland, Jr., Chairman; Hills- 
McCanna Co., 400 Maple Street, 
Carpentersville, Illinois 


T-6A-2 Vinyl Coatings 


T-6A-3 Vinylidene Chloride Polymers 


R. L. Brown, Chairman, The Dow 
Chemical Co., Midland, Mich, 


T-6A-4 Phenolics 
Forest Baskett, 
Metal Engineers, 
Houston 11, Texas 


T-6A-5 Polyethylene 

L. S. Van Delinder, Chairman, Car- 
bide & Carbon Chemicals Co., South 
Charleston, W. Va. 


Chairman; Sheet 
Inc., Box 9384, 





T-6A-6 Neoprene 


J._R. Galloway, Chairman; E. I. du 
Pont de Nemours & Co., Inc., 
2601A West Grove Lane, Houston 
6, Texas 


T-6A-7 Thermosetting Coal Tar Coat- 
ings 
Woodrow E. Kemp, Chairman; Kop- 
= Co., Inc., 15 Plum Street, 
erona, Pa, 


T-6A-8 Methacrylates 
T-6A-9 Furanes 


T-6A-10 Polyesters 


D. D. Cone, Chairman; c/o Sunrise 
Coffee Shop, 118 East Texas, Bay- 
town, Texas 


T-6A-11 Epoxys 

C. G. Munger, Chairman, Amercoat 
Corp., 4809 Firestone Blvd., South 
Gate, Cal. 


T-6A-12 Fluorocarbons 


T-46A-13 Chlorinated Rubbers 
Appointment Pending 


T-6A-14 Organic-Brick Covered 


T-6A-15 Rigid Vinyls 

C. G. Munger, Chairman; Amercoat 
Corp., Firestone Blvd., South- 
gate, Calif. 


T-6A-16 Coal Tar Coatings 


T-6A-17 Polyurethanes 


Richard Sansone, Chairman; Mobay 
Chemical Company, 1815 Washing- 
ton Road, Pittsburgh 34, Pa. 


T-6A-18 Hypalon 


J. R. Galloway, Chairman; E. I. du 
Pont de Nemours & Co., Inc., 
2601A West Grove Lane, Houston 
6, Texas 


T-6A-19 Asphalts 


T-6A-20 Plastisols 


O. H. Fenner, Chairman; Monsanto 
Chemical Co., 1700 South Second 
St., St. Louis 4, Mo. 


T-6B Protective Coatings for, Resist- 
ance to Atmospheric Corrosion 


Robert P. Suman, Chairman; Pitts- 
burgh Plate Glass Co., P. O. Box 
21114, Houston, Texas 

M. W. Belue, Jr., Vice Chairman; 
Champion Paper Fibre Co., P. O. 
Box 872, Pasadena, Texas 


T-6B-1 Linseed and Other Drying Oils 


T-6B-2 Ester Gum Oil 


R. L. Liston, Chairman, Cook Paint & 
— Co., Box 3088, Houston, 
ex. 


T-6B-3 Straight Phenolic Oil Varnish 


John W. Nee, Chairman, Briner Paint 
Mfg. Co., 3713 Agnes St., Corpus 
Christi, Texas. 


T-+6B-4 Modified Phenolic Oil Varnish 
John W. Nee, Chairman. 


T-6B-5 Straight Alkyd Varnish 
T-6B-6 Modified Alkyd Varnish 
T-6B-7 Epoxy Esters 

T-6B-8 Epoxy (Amine Cured) 


T-6B-9 Chlorinated Rubber 

Otto Grosz, Chairman, The California 
Co., Box 128, Harvey, La 

T-6B-10 Vinyls 

John I. Richardson, Chairman; Amer- 


coat Corporation, 4809 Firestone 
Blvd., South Gate, Cal. 


T-6B-I1 Metallic Silicates 


T-6B-12 Coal Tar 


M. Mitchell, Chairman, Reilly Tar & 
Chem. Co., 1616 Merchants Bank 
Bldg., Indianapolis, Ind. 
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T-6B-13 Asphalt 


T-6B-14 New Developments 


T-6B-15 Silicones 

W. F. Gross, Chairman; c/o Norton 
Jaggard, Manager Engineering, 
Arabian American Oil Co., 505 Park 
Ave., New York 22, N. Y. 


T-6C Protective Coatings for Resist- 
ance to Marine Corrosion 
John F. Oliveira, Chairman, Amer- 


coat Corporation, 2908 Knoll Acres 
Drive, Baltimore 34, Md. 


T-6D Industrial Maintenance Painting 

R. H. Bacon, Chairman; Dow Chemi- 
cal Co., Maintenance Shops, Free- 
port, Texas 


C. R. Martinson, Vice Chairman; 
Monsanto Chemical Company, 1706 
South Second Street, St. Louis, Mo. 


T-6D-1 Economics of Maintenance 
Painting 
S. L. Lopata, Chairman, Carboline 
©., 331 Thornton Ave., St. Louis, 
oO. 


T-6D-2 Standardization of Scope of 
Painting Specifications 

L. L, Sline, Chairman, Sline Industrial 
Painters, 2162 Gulf Terminal Dr., 
Houston, Tex. 


T-6D-3 Paint Programs 


F. Parker Helms, Chairman; Union 
Carbide Chemicals Co., Texas City, 


Texas 


T-6D-4 Specifications for Shop Clean- 
ing & Primin 

L. L. Sline, Chairman; Sline Indus- 
trial Painters, 2162 Gulf Terminal 
Drive, Houston 23, Texas. 


T-6D-5 Exploratory Task Force on 
Painter Safety @ Painter Education 
(Officers to be appointed.) 


T-6E Protective Coatings in Petroleum 
Production 


C. G. Fritts, Chairman; Socony Paint 
Products Co., Box 1740, Houston, 


Texas. 


F. E, Blount, Vice Chairman; Mag- 
nolia Petroleum Co., Box 900, Dal- 
las, Texas. 


T-6F Protective Interior Linings, 
Application and Methods 


W. P. Cathcart, Chairman, Tank Lin- 
ing Corporation, 246 Washington 
Road, Pittsburgh, Pennsylvania. 

A. R. Gabel, Vice-Chairman; The 
Dow Chemical Co., Midland, Mich. 


J. H. Cogshall, Secretary; Pennsalt 
Chemicals Corp., Corrosion Engi- 
seerins Products Dept., Natrona, 
m: 


T-6F-1 Curing 
K. G. Lefevre, Chairman; Metalweld, 


Inc., 2617 Hunting Park Ave., Phil- 
adelphia, Pa. 


T-6F-2 Surface Preparation 


T-6F-3 Inspection 


J. L. Barker, Chairman; Union Car- 
bide Chemicals Co., Div. of Union 
Carbide Corp., P. O. Box 8004, 
ou 82-421, South Charleston 3, 

. Va, 


T-6F-4 Safety 


J._L. Barker, Temporary Chairman; 
Union Carbide Chemicals Co., Div. 
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T-6G Surface Preparation for Organic 
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» 


aoe eee 





T-6H Glass Linings and Vitreous 
Enamels 


R. McFarland, Jr., Vice Chairma:; 
Hills-McCanna Co. ) Map’. 
Street, Carpentersville, Illinois 


T-6] Protective Coating Applicatic 
car eee ; 
T-6} Los 


les Area, Protectiy: 
Coating ae. Problems 
Fred M. McConnell, Chatems, Serv. 
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National Lead Co., 3113 East 26th 
St., Los Angeles, 


T-6J-1 Specification Writing 

Newell Tune, Chairman, Dept. of Wa 
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C. L. Mercer, Chairman; Southwest- 


ern Bell Tel. Co., P. O. Box 58, 


Westfield, Texas 


T-7A Northeast Region Corrosion 
Coordinating Committee 

C. A. Erickson, Jr., Chairman; The 
Peoples Natural Gas Co., Two Gate- 
way Center, Pittsburgh 32, Pa. 

L. Andrew Kell Vice-Chairman; 
Niagara ‘Mohawk Power Corp. 300 
Erie Blvd., West Syracuse, N. ¥. 


New Jersey Committee on Corrosion 

T. S. Watson, Chairman; Socony 
Mobil Oil Co., Inc., Eastern Pipe 
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field, N. J. 
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Delaware Lackawanna & 
Railroad, Hoboken, N. J. 

R. J. Bishop, Secretary; Public Serv- 
ice Electric & Gas Co. of N. J., 
Park Place, Newark, N. J. 


Greater New York Committee on 
Corrosion 
B. C._ Hallowell, Chairman; Lon 
Inland Railroad,’ Long Island, N. ¥. 
h Moriarty, Vice-Chairman; New 
York Telephone Co., New York, 


Vice Chairman; 
Western 


Western New York State Corrosion 


Committee 
E. K. Benson, Chairman, New York 
Telephone Co., 28 Church St., 


Buffalo, New York 
(Continued on Page 12) 
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In 1954, a survey of the 6,000 odd 
wells in the Hugoton Gas Field revealed 


$475 TO °500 PROTECTS 56 leaks. Since most of the wells were [aaa 


comparatively new (two-thirds were > 
WELL CASINGS less than five years old), this was a , 
serious problem. Projecting the rate of \ 
leak increase showed there would be 


IN HUGOTON FIELD over 300 leaks by 1960. , 7 


The cost of repairing these production 
wasting leaks usually ran between $10, 
000 and $40,000, using liners or the 
cement squeeze method. Several Hugo- 





ton producers decided to take immedi- 7 

Galvomag magnesium anodes can prevent corrosion in gas ate preventative action. After extensive tes 
well casings for a decade or more .. . without an external field tests were made, it appeared that pe 
. ‘ ade on 

power source. sulfate-reducing bacteria was the villain. a 


These microorganisms convert the sul- 
fates into hydrogen sulphide, which in 
turn attacks the casings. A Dow mag- I 
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nesium anode distributor was asked to 
make an analysis of the situation and 
recommend a practical solution. 


In determining the most practical type 
of corrosion protection, two factors 
had to be considered. First, the wells 
were situated a mile apart and few 
electric power lines were available. This 
meant a considerable expense if ca- 
thodic equipment requiring a power 
source were used. Second, to what 
depth would protection be possible? 
In some soil conditions, cathodic pro- 
tection cannot be used at all. In the 
Williston Basin, for example, a massive 
layer of salt above the corroding forma- 
tion blocks electrical currents from 
reaching this portion of the casing. 
Fortunately, the Hugoton field was free 
and clear of such obstructions. 


By running potential-drop tests in cas- 
ings throughout the field, it was found 
that a current of from 0.5 to 2.5 am- 


DOW DISTRIBUTORS provide experienced tech- 


nical services on corrosion problems. Field 
tests of soil conditions and analyses of the 
requirements of individual wells can result in 
substantial savings in installation and anode 
costs. 
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MAGNESIUM ANODES in a wide range of sizes and shapes provide flexibility to allow the most 
efficient design in many different types of installations. Galvomag anodes (shown above) have 


25% more throwing power than ordinary magnesium anodes . . 


Hugoton Field. 


peres would provide ample protection 
to total depth. The installation of Gal- 
vomag® magnesium anodes was recom- 
mended as the best solution, from the 
standpoint of economy, as well as ease 
of installation. Also, as magnesium 
anodes do not set up “stray” currents 
in the soil, there was no danger of 
interference with foreign structures. 


Three to eighteen anodes were used per 
well, at a total cost of from $150 to 
$500 per installation. A maximum of 
seven were used in each bed, about 85- 
100 feet away from the casing. Each 
well was examined individually to de- 
termine the most efficient installation. 
Factors such as variation in soil resis- 
tance, well-to-earth resistance and po- 
tential, and current requirements were 


. are used extensively in the 


taken into full account in selecting the 
number and arrangement of anodes to 
be used for each well. The installations 
were designed for a ten year life but 
they may last 15 to 18 years because of 
polarization of the well casings. 


Since 1954, over 800 wells in the Hugo- 
ton Gas Field have been cathodically 
protected with magnesium anodes. Cas- 
ing leaks due to external corrosion are 
no longer a problem on these wells. 


The Dow magnesium anode distributors 
listed below are ready to help you get 
the most for your corrosion protection 
dollar. Contact one of them next time 
you have a corrosion problem involv- 
ing well casings, pipelines, storage tanks 
or other equipment. 


CALL THE DISTRIBUTOR NEAREST YOU: 


CATHODIC PROTECTION SERVICE, Houston, Texas 
CORROSION SERVICES, INC., Tulsa, Oklahoma 
ELECTRO RUST-PROOFING CORP. (Service Division), Belleville, N. J. 


ETS-HOKIN & GALVAN, San Francisco, Calif. 

THE HARCO CORP., Cleveland, Ohio 

INTERPROVINCIAL CORROSION CONTROL COMPANY, Burlington, Ontario 
ROYSTON LABORATORIES, INC., Blawnox, Penna. 


STUART STEEL PROTECTION CORP., 


Plainfield, N. J. 


THE VANODE CO., Pasadena, Calif. 





THE DOW CHEMICAL COMPANY : MIDLAND, MICHIGAN 
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Introduction 

DIRECT COMPARISON of corro- 
sion resistance between the automo- 
bile of yesteryear and that of today is 
obviously impossible, Statistics tend to 
support the theory that the modern auto- 
mobile has more built-in protection than 
its old-time counterpart. In 1925 the 
life of the automobile was 6 years and 
had a total mileage of 25,740 miles. In 
1950 these figures were increased to 12% 
years and 103,000 miles. Corrosion resist- 
ance was definitely a supporting factor in 

obtaining this increased service. 

Although statistics attest to the dura- 
bility of cars produced in later years, it is 
more significant when one considers that 
this durability has been attained in spite 
of a gradual intensifying of corrosive 
conditions. Increased industrial manu- 
facturing has lead to a large output of 
contaminants into the atmosphere. This 
in combination with other materials has 
produced an environment which is more 
corrosive in nature. 

There has been an increase of 135 
percent in registered vehicles since 1930. 
These vehicles accounted for an_ in- 
crease of 163 percent in total vehicle 
miles of travel. These vast gains can only 
imply that there has been a change in 
driver habits and road conditions. One 
immediate example is the increased use 
of salt on city streets in the winter. The 
driver behavior has resulted in a smaller 
percentage of cars being maintained in 
garages or shelters, more high speed 
travel and exposure to variable condi- 
tions, and more short trips of the type 
in which the most corrosive residues are 
produced. 

One can only conclude that condi- 
tions are much more corrosive than they 
were formerly. It can be presumed that 
the good old car of the past era would 
fare rather poorly under present condi- 
tions. 


* Research Laboratories, General Motors Corpora- 
tion, Detroit, Michigan. 
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Automotive Corrosion Resistance — Past and Present 


By LEONARD C. ROWE* 


The earlier car represented a much 
simpler system to protect than the mod- 
ern car with its advanced styling, power, 
and multiple accessories. And yet, in the 
past it was not unusual to observe de- 
vastating types of corrosion which re- 
sulted in structural failure, while the 
modern car shows primarily an appear- 
ance failure when corrosion occurs. 


Improved Corrosion Resistance 

Car structure as a whole has been im- 
proved through the use of more durable 
materials. Part of this advance is due 
to the development of new materials, 
and part to improved machining and 
surface finishing. Metallurgical research 
has been responsible for improved tech- 
niques in casting and metal working. 
The overall design of the automobile 
has been improved to give added 
strength to the chassis and body. If 
corrosion should occur, there is less im- 
mediate effect on any one component. 

Corrosion of automotive trim and 
plated parts has resulted in some criti- 
cism in later years. Actually, the total 
plated film is equivalent or greater in 
thickness than that previously used. Fail- 
ures which show up are due to more 
corrosive conditions, difficulty in obtain- 
ing a uniform coating due to design, 
quantity production, and lack of mainte- 
nance by the owner. Brighter things are 
in store due to the vast increase in tech- 
nical knowledge. Through the use of new 
control tests, production standards should 
be better. Preliminary tests indicate that 
thicker chromium films give better cor- 
rosion resistance. Many parts on the 
1959 models have this type of plating. If 
this arrangement measures up to ex- 
pectations, it may become standard on 
all parts. 

Automotive body steels are available 
which offer increased corrosion resistance. 
In addition, the metal pretreatment coat- 
ings have been gradually improved and 
provide protection to the base metal if 
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Abstract 


The corrosion resistance of automobiles has 
increased in the past 30 years despite their 
exposure to generally more corrosive en- 
vironments. Factors responsible for this 
longer life include the development of 
more durable materials, improved ma- 
chining and surface finishing, and changes 
in over-all design, 8.9.2 


the paint should be broken. The new lac- 
quers and enamels not only offer better 
protection but exhibit less chalking and 
loss of luster. Clears are now being used 
to protect the trim molding at the paint 
interface. This formerly resulted in rust 
rundown from attack of the trim at the 
crevice. Zinc-rich paints have reduced 
the corrosion in the rocker panel area. 
This is the area where unsightly holes 
were produced below the door, due to 
corrosion from the inside out. 

Crevices have always presented a cor- 
rosion problem. Many of these crevices 
have been eliminated by combining body 
or sheet metal sections into single units, 
thus removing the seam. Drainage and 
vent holes have been added to keep 
areas dry longer and to prevent the ac- 
cumulation of moisture and dirt. 

Many cars are beginning to use an 
aluminum coated steel for muffler and 
tail pipes. This should give added life 
to these components. The cooling sys- 
tem has received better attention through 
customer education and the use of better 
inhibitors. Engine wear has been re- 
duced through technical improvements 
and the use of oils with proper addi- 
tives. 

Many advances have been made by 
the manufacturer in corrosion protection, 
but a good share of the responsibility re- 
mains with the customer. By proper 
maintenance and frequent washings to 
remove corrosive substances, the car 
owner can increase the effectiveness of 
the preventive measures taken by the 
manufacturer. 


Reference 
1. Automobile Facts. 9, 7 (1950) Jan. 

























































Corrosion Problems Associated With Uranium Refining’ 


By F. H. MEYER, JR.,* F. J. PODLIPEC* and T. R. KATO* 


Introduction 


HE NATIONAL Lead Company of 

Ohio operates a plant near Cincin- 
nati which processes uranium ore con- 
centrates received from many parts of 
the world. Corrosion problems connected 
with the processing of ore concentrates 
are complicated by the fact that these 
concentrates have considerable variation 
in chemical composition. For example, 
ores from the Belgian Congo and Aus- 
tralian Rum Jungle are high in chloride. 
Other ores (those from South Africa, 
for example) are high in sulfate. All con- 
centrates that have not been previously 
processed are carefully analyzed for all 
elements prior to blending and digestion. 
Other more established concentrates are 
checked for uranium, fluoride, and chlo- 
ride content before digestion. 


The Ore Refinery 


Figure 1 shows the basic steps of the 
ore refinery process. In the first phase of 
the operation, the concentrate is digested 
with nitric acid in tanks equipped with 
turbine agitators and heating coils. After 
these tanks are charged with concen- 
trated nitric acid, the ore concentrate is 
added. Water vapor, nitric acid, and 
oxides of nitrogen which are evolved are 
conveyed to the nitric acid recovery area. 

The digestion tanks are made of Type 
304 L stainless steel, as is the piping 
leading to and from the tanks. All welds 
are made with Type 347 stainless steel 
rod, which has given satisfactory per- 
formance. Production tests show a very 
low corrosion rate, approximately 13 mils 
penetration per year. 

The valves and pumps used in this 
stage of processing are constructed of 
Durimet 20 or Duriron. Erosion caused 
by the ore slurries is a problem, and 
pumps and control valves must be re- 
placed frequently. 

Fluorocarbons are used as gasketing 
materials for this hot nitric acid service. 
Performance has been exceptional insofar 
as corrosion is concerned. 

In phase two of the ore refinery proc- 
ess, the uranium is recovered directly 
from the digestion slurry by solvent ex- 
traction in perforated-plate pulse col- 
umns. The organic extractant, tributyl 
phosphate in an inert purified kerosene 
diluent, extracts uranium from the aque- 
ous slurry in the primary extraction 
column. 

Both vertical-piston-type and fluoro- 
carbon-bellows-type pulse generators are 
used in the pulse columns. Corrosion in 
* Submitted for publication April 4, 1958. A paper 

presented at the Fourteenth Annual Conference, 


National Association of Corrosion Engineers, San 
Francisco, California, March 17-21, 1958. 


* National Lead Company of Ohio, Cincinnati, 
Ohio, 
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the piston-type pulse unit has occurred, 
due, apparently, to galvanic action be- 
tween the graphite piston rings and the 
Type 304 cylinder wall and piston. The 
bellows-type pulse unit has not contrib- 
uted to the corrosion problem. The 
bellows are made of _ polytetrafluoro- 
ethylene and were operated for about 6 
million cycles before rupturing. Failure 
after that number of cycles was attributed 
to design. 

The uranium-bearing extract from the 
primary extraction column is pumped to 
a scrub column, where it is contacted 
with deionized water to remove metallic 
impurities and nitric acid. During the 
scrubbing operation, essentially all of 
the residual acid and metallic impurities, 
together with small quantities of ura- 
nium, are transferred from the organic 
phase to the aqueous phase. The scrubbed 
organic stream then cascades through a 
re-extraction column where an aqueous 
stream re-extracts the uranium, produc- 
ing an aqueous uranyl nitrate product 
and a stripped uranium-free organic 
stream. No significant corrosion problems 
have been observed in this phase. The 
pulse columns are made of Type 304 L 
stainless steel. 


Concentration of Aqueous Uranyl Nitrate 

The third phase of the refinery proc- 
ess consists of the concentration of the 
aqueous uranyl nitrate. Initial evapora- 
tion is carried out in tubular evaporators; 
subsequent evaporation to 100 percent 










| 


ALLLILIUALIIIIIIIIIIIIIIIIIIIIIIIA 1} 


TOT eT 


a 


[gs 


DIGESTION 
TANKS 


Figure 1—Uranium ore 
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Abstract 
A summary is made of some of the special 
corrosion —— associated with the pro- 
duction of uranium metal from ore concen- 
trates. After a description is given of proc- 
essing conditions ae existing materials of 
construction, corrosion rates and effects are 
related to: (a) variable ore composition, 
(b) alternate materials of construction, (c) 
variable opueees conditions, and (d) main- 
tenance of product purity. Changes made in 
the processing system and materials of con- 
struction necessitated by the severity of cor- 
rosion are discussed. The basic refining proc- 
ess is described and the performance of 
presently used and alternate materials of 
construction are compared. 8.10.2 


uranium nitrate hexahydrate takes place 
in boildown tanks. Tanks in this phase 
are constructed of 304 L stainless steel 
with Type 347 stainless steel steam coils. 
A special welding technique has been 
developed which has greatly minimized 
end grain corrosion and erosion. 

Table 1 shows the rates of corrosion 
obtained in the boildown area. Samples 
of the 300 series stainless steels were ex- 
posed for four months under operating 


TABLE 1—Corrosion Rates of Stainless 
Steeis* 








Corrosion Rate 
(Mils Per Year 





Stainless Steel Type Penetration) 
BN acces cewekeses 0.56 
PMP bocce bss otra 0.36 
PE ihc so 6a o a Ss Re wee 0.36 
Soren vec ece seve 0.33 
PA I A kia soe hence ees 0.35 








__ * Condition: 4 months’ exposure in an operating 
boildown tank. 
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Figure 2—Green salt process. 


conditions. As the table indicates, there 
is no large difference in the corrosion 
rates of the 300 series steels. Because of 
its low cost and ease of fabrication, Type 
304 L stainless steel is used in the Na- 
tional Lead Plant in new installations. 

Some contamination from iron and 
nickel was originally encountered in 
boiling down the uranyl nitrate because 
of exposure of the steam coils to uranyl 
nitrate vapors. This occurred whenever 
steam was passed through the coils with 
the tank not completely full. The proce- 
dure has been altered so that the coils 
are covered with uranyl nitrate prior to 
heating. Since this was done contamina- 
tion from this source has ceased. 


Denitration Process 

The fourth phase of the refinery proc- 
ess is the denitration of the fused hy- 
drated uranyl nitrate to form uranium 
trioxide. This is accomplished by heating 
the salt in gas-fired pots. Type 347 stain- 
less steel has been used satisfactorily for 
this operation. Difficulties such as pot 
failure at the knuckle radius and bottom 
center have been encountered as a result 
of cracking of the pots, but they were 
attributed to thermal cycling and over- 
heating in the batch-type operation. 
Thermocouples are now being installed 
on pot bottoms in place of in-flue gas 
for better temperature control. Pro- 
grammers also have been installed for 
improved firing and cooling control. 


Nitric Acid Recovery 

In the fifth phase of the refinery proc- 
ess, the nitric acid is recovered from the 
primary extraction column slurry (which 
contains free acid and various nitrate 
compounds). This material is concen- 
trated in evaporator units to a viscous 


material and then is spray calcined to 
recover additional nitric acid by the 
absorption of NO, gases in an absorber 
system. The evaporator overhead nitric 
acid vapor is concentrated in a 12-plate 
vacuum distillation unit. The Type 304 
and Type 309 stainless steels used in 
calcination have corroded. This can be 
attributed to the effects of moist NO, 
fumes. A drum drier having a chromium- 
plated drum has been constructed and to 
date has given satisfactory concentration 
of the raffinate. 

The combined NO, vapor fumes from 
the digestion area, denitration area, and 
other operations are sent through the 
absorber system of the nitric acid recov- 
ery system. The recovered acid is con- 
centrated for reuse in the digestion area. 

Severe equipment corrosion has been 
encountered in the nitric acid recovery 
system because of small quantities of 
chlorides and fluorides carried by the 
vapor streams. Chloride removal by ox- 
idation is accomplished by the use of 
Welsbach ozone generators. Chloride- 
bearing liquor is extracted from the nitric 
acid concentrator at a point where the 
nitric acid concentration approaches 20 
percent and chloride levels are highest. 
This liquor is passed through an ozone 
sparge unit which oxidizes about 75 per- 
cent of the chloride to chlorine. The acid 
is then returned to the concentrator as 
internal reflux. 


Effect of Fluorides 

Greater corrosion of the concentrator 
is caused by high fluoride levels than by 
chlorides. Table 2 shows the effect of 
high fluoride content (1000 ppm) on test 
strips placed in the nitric acid concen- 
trator during a six-week period of opera- 
tion. Note the high corrosion rate of 


TABLE 2—Corrosion Rates of Test Speci- 
mens Exposed in a Nitric Acid Concentrator 
for a Six-Week Period’ 





Corrosion Rate (Mils 
Per Year Penetration) 


Fluoride Fluoride 
Level? Level? 
(Over 1000 | (Under 200 
Material ppm) ppm) 





Durimet 20........... 








64 55 
ere 22 0.4 
Exec da vec apie 26 0.4 
Stainless Steel 304... .. 212 30.0 
La Bourr 55 2300 * 
Elkomet K. , 2385 * 
Inco 803... . are 78 * 
"FORGlen soc cue ce cae bs 0.01 
Stainless Steel 309 Cb.. * 25.0 
Stainless Steel 309 SCb * 25.0 
Stainless Steel 347..... 212 45 
Stainless Steel 321..... * 65 
) 5 ae * Failed 
CINE Baa c.d oon kw * i 





1 Nitric acid concentration: approximately 60 
percent; temperature: 250F. 

2 No Complexing. 

3 With Complexing. 
* Not Determined. 







Type 304 stainless at this fluoride level. 
Because of the lack of a suitable material 
from which tanks could be constructed, 
the fluoride ion was complexed by the 
addition of Al,O, to slurry in the ore 
digestion tanks. This formed an AIF, or 
AIF,°- complex which had a much lower 
volatility in acid solutions than did the 
free fluoride ion. The ratio of five parts 
of aluminum (as AbLOs) per part of 
fluoride has been found sufficient to sup- 
press the fluoride volatility in the evap- 
oration step. This procedure removed 
about 90 percent of the fluorides intro- 
duced to the digestion process. 

The effect of this addition is shown 
in the second column of Table 2, where 
the fluoride level was less than 200 ppm 
for a six-week period. From these results 
and on the basis of costs and ease of 
fabrication, it is evident that stainless 
steel Type 304 L is best. Note also that 
Durichlor and Duriron perform most 
satisfactorily. They are recommended as 
materials of construction for pumps and 
valves to be used in this service. 


To further decrease corrosion in the 
concentrators, new units will operate 
under a vacuum of 200 mm. Laboratory 
tests have indicated that this will appre- 
ciably reduce corrosion rates. 


The Green Salt Plant 


Figure 2 shows the basic steps of the 
green salt process. Orange oxide (UO,, 
uranium trioxide) from the ore refinery 
is fed into a reduction reactor containing 
a screw conveyor and is there reduced 
with hydrogen formed from dissociated 
ammonia. The chemical reaction in the 
reduction reactor is as follows: 


UO, + H, > UO, + H,O 


The original reactor tubes were fabri- 
cated from Type 309 Cb stainless steel 
and the shafts were fabricated from In- 
conel. A process change was made early 
in plant operations and the nickel con- 
tent of the green salt (UF,) increased 
immediately. Investigation revealed that 
the Inconel shaft had corroded. Later 
laboratory tests indicated that hydrogen 
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TABLE 3—Corrosion Rates of Various Alloys Exposed to the Reduction Reactor During 
Processing of Sulfated Orange Oxide 





Corrosion Rate, MPY (Gain) 
Rack 2 Rack 3 


Material Rack 1 | Rack2 | Rack3 | Rack 1 

ee ee —3.24 | —183.78 | —0.776 | —0.55 | —31.2 +0.13 
SN A 56a gia oo ssa oap-als oo : +0.29 Failed +0.29 +0.05 Failed +0.05 
Mee ns yee, A ee. cas +0.09 mer}... d. +0.02 
Stainless Steel 304.................| +518 | — 847| 44.08 +0.94 | + 0.99 +0.74 
Stainless Stell BiG... ....2.....:.. —2.2 — 28 | +24 —0.40 | — 0.51 +0.44 
Stainless Stee] 309 Cb............. +0.81 + 48 +1.0 +0.15 + 0.87 —0.18 








Average Reactor Temperature (Excluding Reaction Zone): 1200F. 


Exposure Time: 46 Days 
Rack Positions: 1—One foot from feed end. 


2—Middle of reactor (reaction zone). 


3—One foot from discharge end. 


Average Process ‘“‘Atmosphere’’: 1 mol Hz to 1 mol Nz to 2 mols water vapor; variable sulfate and sulfide 


content. 


sulfide was probably formed in the re- 
action zone, severely attacking the In- 
conel shafts and causing the increased 
nickel content of the green salt. 


Table 3 shows the corrosion rates of 
various alloys exposed to the reduction 
reactor environment while sulfated orange 
oxide was being processed. Note the high 
corrosion rates of the high-nickel alloys. 
As a result of these tests, stainless steel 
Type 316 is now used for the shaft and 
ribbon in this reactor, and Type 309 
(columbium stabilized stainless steel) is 
used for the shell. Performance to date 
has been satisfactory and impurity con- 
tamination has been minimized. 

The brown oxide (UO,) formed in the 
reduction reaction is hydrofluorinated 
with anhydrous acid at progressively in- 
creasing temperatures in a series of three 
hydrofluorination reactors containing 
screw conveyors. There is a modified 
ribbon-flight type screw running through 


Any discussion of this article not published above 
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the center of each reactor tube. The exo- 
thermic chemical reaction in the hydro- 
fluorination reactors is as follows: 


UO, + 4HF > UF,+ 2H,O 


Table 4 shows the corrosion rates of 
Inconel in the hydrofluorination reactor. 
These reactors are essentially the same as 
the previous reactors, but are constructed 
of Inconel, with either Illium or Hastel- 
loy C reactor screws. The system must 
be capable of withstanding high tempera- 
tures in an HF atmosphere. Inconel 
shows a corrosion rate which is very 
satisfactory. The performance of the 
Hastelloy C and Illium ribbon supports 
also has been satisfactory. 


In the control of corrosion, continued 
vigilance is required due to changes in 
the composition of ore concentrates and 
changes made in the process in order to 
increase the productivity. 


will appear in the December, 1959 issue 


Vol. 15 


TABLE 4—Corrosion Rates of Inconel Ex- 
posed in a UF, Reactor for a Period of 80 
Days of Plant Operation 


Specimen Location* Penetration (MPY) 


ce Serre 0.005 
0.025 
Intermediate........... 0.097 
0.120 
Intermediate........... 0.189 
0.190 
Intermediate........... 0.166 
0.167 
Intermediate. .......... 0.249 
0.276 
Discharge End.......... 0.277 
0.300 


* The specimens were equally spaced over the 
reactor length. 





DISCUSSION 


Question by M. A. Scheil, A. O. Smith 
Corporation, Milwaukee, Wisconsin: 


Mr. Meyer has indicated corrosion rates 
of a large number of materials in the 
concentration of uranium ores. I would 
be particularly interested in whether any 
use has been made of tantalum in the 
author’s process since it is noted in the 
paper that tantalum has a very low cor- 
rosion rate. 


Reply by F. H. Meyer, Jr.: 

We have not used tantalum as a ma- 
terial of construction due to the eco- 
nomic factor. All our equipment is large 
scale chemical processing equipment and 
the use there of tantalum would not be 
economically feasible as compared with 
stainless steels. 
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Figure 1—Hot spray vinyl coating on waste water 
separator. 


Figure 2—Hot spray vinyl coating on large water lines 
adjacent to a cooling tower, 


Figure 3—Application of catalytic cured phenolic 
coating to inside of an exchanger channel. 


Oil Refinery Applications 
Of Thick-Film Synthetic Coatings* 


By R. W. MAIER, W. B. COOK and R. B. MacQUEEN 


Introduction 


NTIL SEVERAL years ago, the terms 

“thick coatings” or “mastics” re- 
ferred to black coal tar or asphaltic mate- 
rials. These materials have done excellent 
jobs of protecting certain surfaces in spe- 
cific exposures when properly applied. For 
many years, thick-film coal tar coatings 
have been recognized as materials which 
would provide excellent protection to pipe 
lines, and the asphalt mastics have been 
proven to possess good weather-sealing 
properties for use as coatings over insula- 
tion and to afford long-term protection 
to steel surfaces such as structural mem- 
bers in mild acid and high moisture areas. 
However, these natural coatings, as all 
coatings do, have limited resistance to 
chemicals, solvents, temperature, etc. Syn- 
thetic coatings on the market today can 
be applied in relatively thick films with 
wider range of resistance to contact media 
than the coal tars and asphalts. 

Developed during the past 25 years, 
many of these synthetic or plastic resins 
in tests have proved to be more resistant 
to many corrosive conditions than mate- 
rials previously known. When first for- 
mulated into coatings and for years after- 
ward, some resins had the shortcoming 
of producing only thin films and often 
required baking of each coat for curing. 

In oil refinery applications such as lin- 
ing and coating of containers, package 
decorating and coating of caps and clos- 
ures, these shortcomings were of little 
consequence because coatings were ap- 
plied indoors under controlled produc- 
tion line techniques. A film thickness of 
one mil (.001 inch) or less applied in 
one coat was sufficient to resist the con- 
ditions to be encountered. Field condi- 
tions, however, presented different prob- 
lems and made conformity necessary 
with the universally discussed minimum 
of 5 mils film thickness or at least a 3- 
coat application for industrial plant 
painting or maintenance coating work. 


% Submitted for publication August 25, 1958. A 
paper presented at a meeting of the 15th Annual 
Conference, National Association of Corrosion 
Engineers, Chicago, March 16-20, 1959. 


Abstract 


Three recent developments in_ synthetic 
protective coatings have made possible 
relatively thick film applications per coat 
without resulting in sags, runs or skin- 
dry wrinkling. These developments are 
hot spray soeeaten, catalyst-cured coat- 
ings and high-film-build alkyd paints. 
_The following are discussed: hot spray 
vinyl, catalyst-cured epoxy, catalyst-cured 
phenolic, catalyst-cured epoxy-modified 
phenolic and_high-film-build ed coat- 
ings and also the advantages derived from 
their application to oil refinery equip- 
ment. Coating problems involved in pro- 
tecting oil refinery equipment are_ noted, 
and field experiences with thick-film ap- 
plications on various equipment surfaces 
exposed to a wide range of contact media 
and conditions are described. 

With the exception of high-film-build 
alkyd paint, field data are sy in tables 
and are described in detail in the ext 


To obtain 5 mils with the synthetics, 
usually more than 3 coats were re- 
quired; for vessel lining work which 
needed a film thickness of 5 mils or more, 
five or more coats were often necessary. 
Oil refineries operate continuously 
around the clock. Equipment is taken out 
of service piecemeal after relatively long 
operating periods and, because of econom- 
ics involved, is held out of service only 
long enough for necessary cleaning, re- 
pairs and protective coating work that is 
impractical while the equipment is in serv- 
ice. Therefore, measures which allow ap- 
plication of required film thickness of 
adequately resistant coatings in the least 
number of coats are advantageous. 
Recent developments in coatings make 
it possible to apply synthetics in multi-mil 
film thickness per coat. Three of the most 
outstanding advancements have been 
development of hot spray application, 
advent of catalyst-cured coatings and 
high-film-build alkyd formulations. In 
addition to the economic advantage of 
quickly returning equipment to produc- 
tion service, these developments also re- 
duce labor costs by requiring fewer coats. 


Refinery Applications 
These developments have been used in 
coating operations at Gulf Oil Corpora- 


TABLE 1—Philadelphia Refinery Application of Hot Spray Vinyl Coatings 








| 


Waste water separator Water, oil heat 


Application | 
| 
| 
| 
| 


Exterior of 42 inch water line 
adjacent to cooling tower, | 
6 inches above ground 


Environment 


| Water spray with water 
treating chemicals 


Date of 
Method of Appli- 


cation 


Surface 
Preparation 
Sandblast Cold spray 
primer 
hot spray 
finish 


Cold spray 
primer 
hot spray 
finish 


Sandblast 1956 


| 1 Primer 
1 Finish 


Number 
of Coats 


Comments and Results 


10-12 Excellent condition after 14 


years 


Looks promising and may be 
best answer to this problem 
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all refinery equipment. 


tion refineries, and the results have been 
encouraging. Pertinent data regarding 
some of these applications are shown in 
Tables 1, 2 and 3. 

Table 1 shows refinery field test applica- 
tions of hot spray vinyls. 

Table 2 presents data on typical appli- 
cations of a catalyst-cured phenolic coat- 
ing and a heavy consistency catalyst-cured 
epoxy coating. 

Table 3 covers a number of catalyst- 
cured epoxy-modified phenolic applica- 
tions. 

Applications of a fourth type, high-film- 
build alkyds, were similar; data on them 
are not presented in tabular form. 


Application 


Interior of exchanger channels 
water 
| 

Interior of exchanger channels 
water 


Exterior seam of old riveted 
tank to stop seam ‘‘weepage”’ 


Foamite 
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Environment 


| Warm cooling tower 


Warm cooling tower 


A fifth type, a thick-film coal tar-epoxy 
coating, recently developed is being field 
tested at Gulf’s Philadelphia and Port 
Arthur refineries. This material was ap- 
plied successfully and shows promise of 
providing good protection to surfaces in 
certain exposures, but insufficient test data 
are available at present. 

Experienced specific applications with 
the first four of these classifications of 
thick film coatings are reported below. 


Hot Spray Vinyls 

Hot spray vinyls differ from conven- 
tional vinyls in that they have higher per- 
centage of solids or non-volatiles and 
lower solvent content. In cold spray appli- 
cation of conventional vinyls, the coating 
as received must be cut with a high vol- 
ume percentage of relatively expensive 
special thinner to eliminate cob-webbing 
and deposit of dry overspray. This cutting 
results in the deposit of relatively thin 
films. Fast evaporation of thinner and sol- 
vent from the wet film is likely to result 
in pin-holes in the dry film. Application of 
multiple coats, however, should remedy 
this deficiency because pin-holes probably 
will not occur at the same points in differ- 
ent coats. In hot spray application, the 
uncut coating is heated to approximately 
160 F by a specially designed heater ahead 
of the spray gun. This reduces the viscos- 
ity, allows for proper atomization and 
causes immediate evaporation of much of 
the solvent, thus reducing pin-holing and 
allowing a thick, tight film to be deposited 
with little or no sag. Applications are 
shown in Table 1. 


Waste Water Separators 


Metal surfaces at the waste water sepa- 
rator are exposed to water, waste oil and 
temperature variations. In the past, many 
types of coatings—from oil-based paints 
and conventional vinyls to heavy bitumens 

have been tried on these surfaces. All 
these coatings failed within a few months, 
due either to direct attack on the coatings 
or to insufficient film thickness. The hot 
spray vinyl, applied to these surfaces as 
shown in Table 1 was in excellent condi- 
tion after more than a year of exposure. 
Figure 1 illustrates this application. 


Cooling Tower Piping 

Water circulation pipe lines adjacent to 
cooling towers in refineries for transferring 
warm water from condensers and coolers 






TABLE 2—Philadelphia Refinery Applications of Catalyst-Cured Phenolic and 


Catalyst-Cured Epoxy Coatings 





at the processing units to the cooling tower 
are exposed to a warm, humid atmosphere 
from the spray of treated water. Although 
a system of sandblasting, priming with 
an oil type inhibitive primer and applica- 
tion of asphalt mastic to at least ¥-inch 
thickness dry film, all accomplished in a 
dry atmosphere, have protected these lines 
for several years, a thick-film hot spray 
vinyl application might provide longer- 
lasting protection. Such an application was 
made at the Philadelphia refinery and 
reported in Table 1. Figure 2 illustrates 
this application. 


Catalyst-Cured Phenolics and 
Catalyst-Cured Epoxies 


For many years, phenolic coatings have 
been considered excellent for resistance to 
moisture penetration, acid attack and ele- 
vated temperatures but were usually asso- 
ciated with the terms “thin films” and 
“baking.” A new development in phenolic 
coatings was introduced that made curing 
possible by addition of a liquid catalyst 
as a substitute for baking and could be 
applied by multiple-pass to a film thick- 
ness of 12 mils per coat without resulting 
in runs or sags. At about the same time, 
epoxy resin was coming into prominence, 
and catalyst-cured epoxy coatings were 
being developed. Some of these coatings 
contained no volatile matter, being made 
up to 100 percent film-forming material. 


Exchanger Lining 


During a still shutdown at the Philadel- 
phia refinery in October, 1953, a channel 
of one of the exchangers was sandblasted 
and given three brush coats of a catalyst- 
cured phenolic coating at a film thickness 
of about 4 mils per coat. Drying was rela- 
tively slow for this type of coating, and the 
final coat was not completely set by the 
time this channel was installed. However, 
when this still was shut down again in 
November, 1954, the coating was found to 
have developed a hard finish and to be in 
excellent condition after a year’s service, 
showing no sign of attack from the cooling 
water. This application is given in Table 2. 

Certain neoprene-based and _ bitumen- 
type coatings had been tried previously 
in this service. Although they afforded 
some protection, they were not as success- 
ful as the catalyst-cured phenolic. Since 
this initial test, many more exchanger 
channels and heads have been coated with 
the phenolic material, using two coats to 

















| | | | 
| Film 
| | Date of Thick- 
Surface | Method of | Appli- Number ness 
Preparation | Application) cation | of Coats (Mils) Comments and Results 
Sandblast | Brush 10/53 3 | 12 Catalyst-cured phenolic. 
| | | Excellent condition after one 
| | year’s service. Decided to 
| | | try two coats (see next Item). 
Sandblast | Brush | 1954 2 | 8-9 Catalyst-cured phenolic. A 
| number of applications have 
| been made and it is now 
established that at least 2. 
| | | | years excellent protection is 
| | afforded. 
Sandblast Brush and | 8/56 | See Text | See Text | Catalyst-cured epoxy. No 
trowel | further ‘‘weepage.” 
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obtain 8 to 9-mil film thicknesses. Figure 
3 shows a typical application. Experience 
indicates this type of application will 
protect these surfaces for at least two 
years. 


Tank Seam Sealer 


Catalyst-cured expoxies have been for- 
mulated at heavy consistencies as tank 
seam and rivet caulking compounds. At 
the Philadelphia refinery, as shown in 
Table 2, a relatively old, riveted foamite 
storage tank which had begun to “weep” 
at some of the seams was drained, and 
seams were sandblasted and sealed with 
a thick brush-and-trowel application on 
the outside with epoxy caulking com- 
pounds in August, 1956. To date the seams 
have held, and no further “weeping” is in 
evidence. 


Catalyst-Cured Epoxy-Modified Phenolics 


Epoxy-modified phenolics of the cat- 
alyst-cure type were developed along with 
the catalyst-cured phenolics and the epox- 
ies. 

These coatings are formulated into dif- 
ferent grades in which the ratio of epoxy 
and phenolic resins vary. Generally, the 
manufacturers’ recommendations have 
been followed as to which grade should be 
used for specific exposures. When one 
manufacturer’s recommendations for these 
coatings were studied, the claim was sig- 
nificant that as coatings for oil refinery 
applications, unlike the straight phe- 
nolics, they had good resistance to alkali 
in addition to resistance to acid attack, 
and, unlike the vinyls, good resistance to 
temperatures above 150 F immersed and 
far above 180 F dry. These properties, 
plus thick-film atmospheric temperature 
application catalyst-cure characteristics, 
made the coatings usable for protecting 
refinery equipment exposed to corrosive 
conditions. 

Extensive field testing of this modified 
type coating has been conducted at the 
Port Arthur refinery since December, 
1952, when the first multi-pass spray ap- 
plication was made in one coat as an in- 
terior lining in a horizontal (10-foot di- 
ameter by 70-foot length) moisture-bear- 
ing-propane storage drum at the propane 
deasphalting unit. Pertinent data regard- 


ing these applications are shown in 
Table 3. 


Propane Drum Lining 


The propane drum at the deasphalting 
unit was built in 1944 with a corrosion loss 
allowance of 1% inch. Periodic inspections 
showed a gradual pitting and metal loss, 
mostly along the bottom. In April, 1950, 
pits as deep as 3/32 inch had developed 
in this area of the surface. At that time, 
the drum’s interior was sandblasted, and 
a multiple-coat baking type phenolic lin- 
ing was spray applied and baked. An in- 
spection made after this drum had been 
in service for nine months showed at least 
90 percent of the lining to be intact, but 
the coating was blistered badly and peeled 
in a strip about three feet wide along the 
bottom of the tank. This failure was be- 
lieved to be due to underbaking which 
often occurs in a large vessel field-baking 
operation. Since there had been no metal 
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loss, the drum was returned to service. A 
year later the bottom third was strip lined 
with plain steel. Sandblasting and recoat- 
ing the interior were planned for a later 
time when operations would permit the 
drum to be out of service. 


Sandblasting and re-coating were done 
in December, 1952. The coating used was 
a cold setting, catalyst-cured, epoxy-modi- 
fied phenolic applied by multi-pass cross- 
spray in one coat to a film thickness that 
varied from 4 to 12 mils. After 9% 
months’ service the coating was in good 
condition except for small, scattered blis- 
ters in about 50-square-foot area near the 
propane inlet on one side wall. The coat- 
ing was brittle at these blisters. Failure in 
this area was attributed to low tempera- 
ture shock and erosion from the incoming 
propane under pressure. 


This blistered area of the coating was 
repaired by sandblasting and brush re- 
coating with one prime and two heavy 
finish coats of the same epoxy-modified 
phenolic coating. Several 1 foot x 3-foot 
pieces of reinforcing glass cloth fabric 
were embedded between the two finish 
coats. This coating was inspected again 
in January, 1956, after two years and 
three months of service since the last re- 
pair work and three years since the base 
cold setting modified epoxy coating was 
applied. About 50 percent of the coating 
had peeled from the surface, but the only 
serious metal loss was in a few pitted spots 
in the bottom strip lining. These pits were 
filled with a cement mortar before the 
drum was returned to service for another 
two-year period. The portion of the coat- 
ing where the glass cloth was embedded 
was completely intact. 


Lining For Six New Propane Drums 


Results of this drum lining application 
were sufficiently encouraging to justify 
more applications. A thicker film was 
planned for better protection. Therefore, 
when six new 10-foot diameter by 100- 
foot length propane drums were built with 
practically no corrosion loss allowance 
early in 1955, the interior of each drum 
was sandblasted to a white metal finish 
and an anchor pattern pit depth of 2 mils 
and lined with one 6-mil multi-pass spray 
coat and one 9-mil coat of a more elastic 
formulation of catalyst-cured epoxy-modi- 
fied phenolic coating. 

One of these drums was taken out of 
service and inspected after two years’ serv- 
ice. There were no visible breaks in the 
coating, but about 15 percent of the coat- 
ing surface was puffed out in a pattern of 
blisters scattered over the entire drum 
surface. The majority of these blisters 
ranged in size from Y to 2% inches in 
diameter, with only a few as large as 4 to 
5 inches. Two of the largest blisters were 
broken to determine the condition under- 
neath the coating. Both coats had been 
lifted and the coating was rather brittle, 
but there was no apparent moisture un- 
derneath. The metal had the appearance 
of new steel, freshly sandblasted to a gray 
commercial grade finish. 

The coating at the smaller blisters was 
flexible and could be pressed back to the 
steel surface without rupture by thumb 
pressure. There had been some slight pen- 





etration through pin-holing in the coating. 
Release of service pressure when the tank 
was emptied and the subsequent build-up 
of gas pressure underneath the coating at 
the spots of penetration probably caused 
the blistering. 


This drum was returned to service with- 
out any coating repair work and scheduled 
for another interior inspection after two 
or three more years of service because the 
inspectors thought service pressure would 
force the unbroken blistered coating back 
against the steel. The spots at the two 
broken blisters will be checked periodi- 
cally from the exterior for metal loss with 
the Audigage. 


From knowledge gained from the pro- 
pane drum lining, field testing of catalyst- 
cured epoxy-modified phenolic coating at 
the Port Arthur refinery was extended to 
applications on other equipment. 


Caustic Resistance 


That phenolic type coatings are not re- 
sistant to caustic soda is recognized. Sur- 
prisingly, one manufacturer recommended 
an epoxy-modified phenolic for this serv- 
ice. However, on some panel tests, this phe- 
nolic was found to have resistance. Field 
tests were made as a caustic tank interior 
seam lining and as an exterior coating 
on a waste oil treating tank subject to 200 
F heat and condensed caustic-bearing oil 
vapor rundown. In 1954, some of the 
seams of an old 40-foot diameter, 25-foot 
height, riveted steel tank in 45-degree Bé 
caustic soda solution service began to leak 
slightly. After the tank was emptied and 
cleaned, interior of the seams and rivet 
heads were sandblasted and brush primed 
with the catalyzed epoxy-modified phe- 
nolic. The angles at the overlap of steel 
plates were beaded by caulking gun appli- 
cation with a catalyzed epoxy-modified 
phenolic caulking compound followed by 
brush-and-spray application of two coats 
of the catalyzed coating with a layer of 
reinforcing glass mesh embedded between 
each coat. No leakage at the seams and 
rivets of this tank has occurred for more 
than four years after the coating was ap- 


plied. 


Inspection of the interior, made after 
three years of service, showed the coating 
to be intact except for slight curling at 
the edges several inches from the seams. 
Durability of the application made to the 
exterior of the waste oil treating tank con- 
tinues to be excellent after more than four 
years with no indication of attack by the 
hot caustic-bearing condensed oil vapor 
rundown. However, the approximately 
200 F temperature and exposure to the 


sun has faded the black color to a uniform 
blue-black. 


Acid Resistance 


Field tests have proved this type of 
coating to be resistant to sulfuric acid solu- 
tions including those at elevated tempera- 
tures, but applications on surfaces exposed 
to hydrochloric acid attack have been con- 
sidered failures. As shown in Table 3, ap- 
plications made to the exterior of a lead- 
lined, open-top tank used for open steam 
cooking of sludge from sulfuric acid treat- 
ment of lubricating oils and also made to 
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! 
| Total 
| Film 
| Date of Thick- 
| Surface Method of Appli- Number ness 
Application Environment | Preparation Application; cation of Coats (Mils) Comments and Results 
Interior of horizontal propane Moisture-bearing pro- Sandblast to Multi-pass 
storage drums pane under pressure white metal spray 
(1 drum 10’ Dia. x 70’ long) | 12/52 1 4-12 See text. 
(6 drums 10’ Dia. x 100’ long) | 4/55 2 14-15 See text. 

Inside seams ‘of ‘old riv eted 45° Bé. NaOH solution Sandblast to Brush, 3/54 See text See text No ‘‘weepage”’ had occurred at 

caustic tank to stop ‘‘weepage”’ | white metal spray & the coated seams for over 4 
caulking years. Interior inspection 5/57 
gun showed coating to be intact. 

Exterior of waste oil treating Spillage and fumes from Sandblast to Multi-pass 4/54 2 8-10 Durability excellent for over 4 

caustic treatment at | white metal spray years but heat and sunlight 
200°F. has faded black color to 
blue-black. 

Exterior of lead-lined open-top Spillover of hot sulfuric Sandblast to Brush and 7/54 2a 8-108 About 70% of the coating 
sulfuric acid sludge ‘‘cooking” acid-bearing heavy oil white metal spray deteriorated (carbonized) 

sludge after affording excellent pro- 
taction and good appearance 
for 3 years. 

Interior of two old ‘‘Everdur”’ Ac idic (sulfuric) water Sandblast to Brush and 4/55 2 8-10 Looked good when inspected 

water settling drums aekaen from light oil bright metal spray 2/57, with only a few 
which had lost their corrosion distillate scattered small breaks in the 
upper half. Lining was 
reinforced with another coat 
after minor hand tool clean- 
ing. 

Underside of roof of small clay Exposure to hydrochloric | Sandblast to Multi-pass 12/55 3 10-12 Had failed on inspection after a 
slurry tank at Clay Contact acid-bearing oil vapors white metal spray 6-month run of the unit. A 

polyester glass fiber appli- 

cation made afterward to new 

roof has afforded satisfactory 
| protection. 

U leer ite of roof of hydrochloric | "Exposure to hydrochloric | Sandblast to Multi-pass 12/55 3 10-12 Had failed on inspection 12/56. 
acid-bearing distillate tank at acid-bearing oil vapors white metal spray 
Clay Contact Plant 
fnterioc aE open top demin- Atmospheric temperature | Sandblast to Brush and 6/55 3 9-11 Excellent after three years of 
eralized water storage tank demineralized water white metal spray service. 

(50’ Dia. x 30’ high) 
fnteriar if open top steam Causticized steam con- Pickle and Brush and 9/54 3 9-11 Became overcoated in service 
condensate tank (60’ Dia. x densate at temperature sandblast to spray with somewhat oily, caustic 
up to 180°F. white metal film which affords some pro- 
tection. However, coating 
appears to be in good con- 
dition after 4 years, 3% of 
which has been steam con- 
densate service. 
wii Bae aeahona see a pice 

Inte rior ats new steel horizontal | Potable water Sandblast to Multi-pass 12/55 3 9-11 Was slow to cure in 40-50°F. 
drinking water tank white metal spray temperature, and this was 
(10’ Dia. x 25’ long) | indicated by bad taste and 

| odor. Coating was then force- 

| cured by heating the water 

| with open steam at 170-190°F. 

| | for several days until no 

| | taste and odor was detec- 

| | table after draining and 
refilling. No inspection of the 
| condition of coating has been 

| | | made. 

elevated open ‘on Brackish water Sandblast to | Multi-pass 10/56 3 9-11 No inspection made since 
fire protec tion | water tanks | white metal spray application. 

Interior of corrosion pitted Warm cooling t tower | Wet sandblast Multi-pass 1/57 3 12-15 Inspection during unit turn- 
shells and channels of 4 product treated water | spray around 11/57 showed small, 
coolers at Platformer Unit | | scattered blisters but no 

appreciable metal loss. Coat- 
| | | ing was intact at the old pits. 

Heads and channels of Ww arm cooling tower | Ww et sandblast “Multi-pass 5/57 3 12-15 Inspection during unit turn- 
exchangers for atmospheric- treated water | spray around 5/58 showed small, 
vacuum crude still | | scattered blisters but no 

| | | appreciable metal loss. 

Se ver al applications to hot oil “Heat and salt water Sandblast t. to Multi-pass | 1955-1958 2 6-8 This satisfactorily protects 
coils cooled by salt water spray (oil enters coils at white metal spray these coils between six months 
at Clay Contact Plant approximately 450°F.) turnarounds of the process 

| units. 

Interior of the following Alternating light oil- | Sandblast to Multi-pass 
indicated portion of the shell moist air condensation white metal spray 
and entire length of roof and vaporization. | and 
support columns of cone roof | Intermittent rising and | caulking 
light oil blending tanks as | falling light oil liquid | gun 

| level accompanied by | 
1-120’ Dia. x 48’ high tank, | mechanical mixer | | 2/54 2 10-12 Scattered breakdown. Very good 
upper half of shell agitation at high liquid | | protection for more than 4 
level. | years. See text. 
1-140’ Dia. x 48’ high tank, | 2/57 2 10-12 Results unknown. Tank in 
upper half of shell | | | continuous service. 
x 48’ high tank, | | 2/58 2 10-12 Results unknown. Tank in 
upper half of shell | | continuous service. 
1-160’ Dia. x 48’ high tank, | | 5/58 2 10-12 Results unknown. Tank in 
upper half of shell | | continuous service. 
Dia. x 42’ high tank, | | 1/55 2 10-12 Results unknown. Tank in 
entire shell | continuous service. 
Induced draft Gooltag tower fan a High humidity fog &. Sandblast to Spray and 10/54 2 6-8 Affording good protection more 


{ assembly. Aluminum fan blades. | 


atmosphere from 
chemically treated 
water 


white metal 


brush 
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Application 


High humidity fog 


for forced draft cooling tower atmosphere from 


Environment 


TABLE 3 (Continued)—Port Arthur Applications ofCatalyst-Cured Epoxy-Modified 


Phenolic Coatings” 
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Total 


Film 
Date of Thick- 
Surface Method of | Appli- | Number ness 
Preparation | Application| cation | of Coats (Mils) Comments and Results 
Hand sand Spray 1/55 1 4-5 Affording good protection more 


chemically treated 


water 


Interior of 2 transformer oil Transformer oil 


tank cars 


Interior of corrosion inhibitor 
charge pots for process units 


Corrosion inhibitors 


Rotary wire Multi-pass 3/55 


brush spray 


Brush 


Wire brush 


bo 


than 3 years after application. 





Coating in good condition after 
more than 3 years of service. 
Coating facilitates cleaning 
and prevents contamination 

of this hightly refined product. 


of inhibitors from rusting of 
the pots for several years. 
Pots were fabricated from 
new steel piping. 








Atmosphere inside 


Interior unglazed hollow tile 
buildings 


walls 


Top side of process unit concrete 
deck working area to stop 
seepage of rainfall into control 
room below 


and oil spillage d 


during unit turn- 
rounds. 











Normal rainfall. Abrasion | Chemical 


exchanger cleaning 





Multi-pass 4/55 


spray 


Detergent wash 





Clear coating applied. Is un- 
affected in any way after more 
than 3 years, Has retarded 
soil accumulation. Coated 
unglazed tile costs about % 
that of glazed and has 
additional benefit that 
mortar is glazed. 








Multi-pass 
cleaning and spray 
neutraliza- 


tion 


1955 
uring 
| 
' 


1955-1956 6-8 Has prevented contamination 


Clear, unpigmented, first coat 
thinned for penetration and 
sealing of the pores. Next 
two coats were pigmented, 
into which fine grain silica 
sand was sprinkled to make 
skidproof. Has stopped rain- 
fall seepage for more 
than three years. 


3 8-10 


* Protruding ends of bolts for securing lead lining were coated with heavy consistancy tank sealing compound. 
» All surfaces are steel unless otherwise noted. 





the interior of enclosed vessels used for 
settling out of water from “washing” sul- 
furic acid treated light oils, gave good 
protection to metal surfaces for several 
years. These coatings, however, failed 
when applied to vessel interiors exposed 
to hydrochloric acid-bearing oil vapors. 


Water and Steam Condensate Immersion 


Three-coat applications made to the 
interior of a flat-bottom, open-top de- 
mineralized water storage tank and a flat- 
bottom, open-top steam condensate tank 
at a total film thickness of 9 to 11 mils 
have afforded apparently good protection 
to the steel. Although these tanks have not 
been emptied completely since applica- 
tions were made more than three or four 
years ago, respectively, visual inspections 
made after this length of service when the 
water levels were lowered to about half 
the height of the tanks show the coatings 
to be intact. However, caustic solution is 
introduced constantly to the steam con- 
densate tank for pH control, and this 
forms a protective film on the coating. 
Figure 4 is a photograph of the interior 
of the coated demineralized water tank, 
taken after more than two years of service 
when the water level was about four feet 
from the top. Figure 5 shows corrosion 
scale build-up and spalling of the scale 
above the water level in an uncoated 
treated water tank (pH about 5.0) which 
was built at the same time as the coated 
tank in Figure 4. 


The interior of a new 10-foot diameter 
by 25-foot length, horizontal drinking 
water storage tank was standblasted and 
spray coated with three coats of the cat- 
alyzed epoxy-modified phenolic recom- 
mended by the manufacturer for potable 
water service use in December, 1955, dur- 





ing 40 to 50 F atmospheric temperatures. 
Although the coating had about ten days 
of curing before being put in service, twice 
the recommended curing time for 70 F 
ambient temperature, the water had a bad 
taste and odor after the tank was filled 
and drained several times. This condition 
was due to insufficient curing at low tem- 
perature and was remedied by filling the 
tank, introducing open steam, heating to 
170 to 190 F for several days and draining 
the tank. 

In January, 1957, during a shutdown of 
a platformer unit, the water side interior 
of the shells of four product coolers or 
condensers was found to be badly pitted. 
These were wet standblasted and a 3-coat 
spray application of catalyzed opoxy- 
modified phenolic was made to a total 
film thickness of 12 to 15 mils. These were 
inspected during the next turnaround in 
November, 1957. Although some coating 
was removed from the bottom from sliding 
the tube bundle in and out and although 
there were scattered, small unbroken blis- 
ters in the coating, no further pitting had 
occurred. The coating over the old pits 
was well adhered and affording good pro- 
tection. 

During this turnaround and a previous 
turnaround of an atmospheric-vacuum 
crude still, a number of exchanger heads 
and channels to be exposed to cooling 
water were wet standblasted and coated 
similarly. A recent inspection of the heads 
and channels at the atmospheric-vacuum 
crude still, made during a shutdown after 
about a year of service, showed this coat- 
ing to have afforded good protection. 
There were some small scattered breaks 
in the coating where blistering had oc- 
curred, but metal loss and pitting were 
negligible. The breaks were re-blasted and 


recoated with the same material. Appar- 
ently, such surfaces need to be recoated 
annually with this type coating. Savings 
from the protection afforded, however, far 
surpass the cost involved. 


Interiors of Light Oil Tanks 


Accelerated atmospheric type corrosion 
of cone roof tank interior shells in light 
oil service is a general concern to the oil 
refining industry. Tandy agrees that these 
tanks may have corrosion rates as high as 
20 mpy.’ At the Port Arthur refinery, cor- 
rosion rates on upper rings of light oil 
blending tanks have been almost that 
much since the use of mechanical mixers 
began requiring their replacement after 
seven or eight years. Before the mixers 
were installed, their life was more than 
twice as long. Use of mixers is believed to 
help increase the corrosion rate. This type 
mixing is less time consuming than the old 
oil circulation turnover method, thus al- 
lowing an increased oil batch throughput. 
Agitation, being more violent than the 
oil circulation method, removes more of 
the protective corrosion scale build-up by 
its washing action from the upper half of 
the shell, thereby allowing more rapid 
corrosion. Relatively rapid corrosion also 
occurs along the center one-third of the 
steel columns supporting the tank roof. 
This corrosion is considered to be a result 
of descaling by a rather violent washing 
action of the liquid during mixing opera- 
tions. 

Figure 6 is a close-up photograph taken 
after four and one-half years’ of service 
of an uncoated top six-foot ring from a 
140-foot diameter by 40-foot height cone- 
roof light oil blending tank recently dis- 
mantled. This tank was equipped with 
mechanical mixers. Original thickness of 
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Figure 4—Catalyst-cured epoxy-modified phenolic 
coating on interior of demineralized water storage 
tank after more than 2 years of service. 


the ring was 0.250 inches. Micrometer 
measurement at the deepest pits in the top 
foot showed 0.212-inch metal thickness; 
below this level, 0.165 inch. Metal thick- 
ness at pits in the second six-foot ring 
down from the top also measured 0.165 
inch, a loss of 0.085 from its original 
0.250 inch, equalling 0.019 inch or 19 
mils per year. This corrosion rate indi- 
cates that these top rings would have to 
be replaced after seven to eight years of 
service. 

Interior roof support columns suffered 
deep pitting and perforations and in one 
case reached a seriously weakened condi- 
tion nearing collapse after 17 years of 
service, the last 12 of which were after 
installation of mechanical mixers. 

When the fact was realized that this 
interior corrosion problem could affect 30 
or 40 large tanks, experimentation was 
begun to effect a remedy. In early 1954, 
the tank shell’s upper half and entire 
length of the roof support columns of a 
new 120-foot diameter by 48-foot height 
tank were standblasted to a white metal 
finish. After weld splatter was removed, 
all weld seams and sharp metal points 
were ground to rounded surfaces before 
two coats of a catalyzed epoxy-modified 
phenolic coating were cross-spray applied 
to a 10 to 12-mil film thickness. 

Figure 7 shows a view of this coating 
application. The two abutted channels 
forming the roof support columns had 
been spot welded, leaving a slight void. 
These voids along the channel abutments 
were filled between coats by caulking gun 
application with a bead of catalyzed 
epoxy-modified phenolic caulking com- 
pound. A concrete bottom was poured 
over the steel bottom after coating work 
was completed. Slight streaking that ap- 
pears in the photograph is a result of 
moisture from concrete curing condensing 
on the coating surface and running down 
through accumulated dust from sandblast- 
ing the columns, which was done after 
completion of the shell coating work. Four 
other large light oil blending tanks have 
been coated similar to the first. Although 
for a period of four years none of these 
tanks could be taken out of service for 
coating inspection, other service results of 
the coating in contact with light oils justi- 
fied more applications. 


176t 


CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Figure 5—Interior of an uncoated tank for storage 
of treated water. 


The first tank coated was inspected in 
May, 1958, after continuous light oil 
blending service since March 1954. Ap- 
proximately 90 percent of the coating was 
intact and unaffected. There were only 
widely scattered small corrosion spots on 
the coated portion of the shell, where gal- 
vanic cell corrosion apparently had oc- 
curred at pin-holes in the coating. Larger 
coating breaks were found along some of 
the columns, mostly along the edges of the 
channels and at horizontal welds. There 
was practically no corrosion creepage un- 
derneath the coating at the corrosion spots 
which comprised only 8 to 10 percent of 
the coated area. Pit depth at the small 
corrosion spots on the shell’s coated por- 
tion varied from 1/16 inches to 3/32 
inches. Caulking compound that had been 
applied to fill the channel abutment voids 
of the roof support columns was unaf- 
fected. Heavy corrosion scale and a high 
metal loss were found on the upper two- 
thirds of the uncoated bottom half of the 
shell. 

This coating was considered very good 
and economically worthwhile protection. 
Repair of the coating by spot sandblasting 
and spot coating and sandblasting and 
coating the remainder of the tank shell 
with the same material were considered to 
offer an economic advantage. Future ap- 
plications will be checked more closely for 
pin-holes. 


Cooling Tower Fan Assemblies 


Corrosion of metal portions of the air 
draft fan assemblies at water cooling 
towers has been a serious problem. These 
are exposed to a constant high humidity 
fog atmosphere from chemically treated 
water circulating through the tower. Al- 
though the metal parts are coated by the 
manufacturer, coatings are usually too 
thin for long-term protection. In some 
cases, new fan assemblies required addi- 
tional coating before installation because 
rust along edges had developed in transit. 
Apparently, baked phenolic thin film coat- 
ings had been applied after cleaning the 
surface by wire brushing and sandpaper- 
ing. The coating build-up was from one 
or two mils to about six mils in one coat 
by application of catalyzed epoxy-modi- 
fied phenolic coatings. 

Figure 8 shows recent photographs of a 
refinery coated, induced draft fan assem- 
bly at one of the Port Arthur refinery 
cooling towers. Although originally ap- 






























Figure 6—Close-up view of uncoated top ring and 
angle of a light oil blending tank after 412 years 
of service. 


plied by the manufacturer, the coating 
failed and corrosion occurred after about 
three years. During a shutdown, the as- 
sembly was sandblasted; perforations and 
pits in the aluminum alloy fan blades 
were filled with catalyzed epoxy-modified 
phenolic caulking compound. The frame- 
work, hubs and blades were sprayed with 
two coats of catalyzed epoxy-modified 
phenolic paint coating to a 6 to 8-mil film 
thickness. As shown in Figure 8, this coat- 
ing still gives excellent protection after 
three years. 


Guard Against Product Contamination 


This modified epoxy coating has been 
used successfully as a lining for tank cars 
in transformer oil transportation service. 
This highly refined oil must meet a rigid 
dielectric strength test; no contamination 
can be tolerated. This coating, spray ap- 
plied in one coat to a film thickness of 3 
to 4 mils to two car interiors after rotary 
wire brush surface preparation, is cur- 
rently in good condition after more than 
three and one-half years’ service. Coating 
of these car interiors greatly facilitate 
cleaning prior to filling and results in a 
saving of cleaning labor. The coating also 
has been used successfully as a lining for 
interiors of small corrosion inhibitor 
charge pots at process units to prevent 
contamination of the inhibitor. 


Glaze Coating for Unglazed Tile 


Hollow tile interior walls were used in 
several new buildings at the Port Arthur 
refinery. These included a bath house, test- 
ing laboratory, package warehouse and 
instrument shop building. In such areas 
as bath house shower rooms, glazed tile 
was installed, but in less severe exposure 
areas such as the bath house locker rooms, 
laboratory sample retaining rooms, instru- 
ment shop work rooms, etc., unglazed tile 
was installed as an economy measure. 

Since the unglazed surfaces are subject 
to absorption of atmospheric and other 
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contact contaminants or soil agents, these 
surfaces are difficult to clean and/or keep 
clean for a good appearance. Experimen- 
tation indicated that one of the catalyst- 
cured epoxy-modified phenolic clear 
coatings, applied first to a small area of 
unglazed tile as a mist spray coat and 
followed shortly by a heavier, cross-spray 
coat to a 3 to 4-mil film thickness, would 
give a glaze surface impervious to absorp- 
tion, and thereby prevent unremovable 
soiling. 

All unglazed surfaces were coated with 
this clear coating. After more than three 
years, the coating is in excellent condi- 
tion. Cost of the unglazed tile plus that 
of the coating application is about three- 
fourths the cost of glazed tile. In the coat- 
ing operation, the mortar also is given 
glaze protection. 


Concrete Deck Waterproofing 


At the Port Arthur refinery in 1955, 
leakage from rainfall was entering the 
control room ceiling of one process unit, 
apparently from slight cracks in the con- 
crete decking surface above, which served 
as an exchanger platform. Several unsuc- 
cessful attempts to stop this leakage in- 
cluded wedge excavation along the cracks, 
coating these with bituminous materials 
and refilling with cement grout. A large 
deck section was cleaned with a chemical 
solution, neutralized, primed with a 
thinned penetrating coat of clear epoxy- 
modified phenolic and finish coated with 
two 4-mil coats of pigmented catalyzed 
epoxy-modified phenolic. Dust-free, fine- 
grained silica sand was sprinkled into these 
finish coats during the cross-spray appli- 
cation to make the surface skid-proof; this 
deck is a working area during unit turn- 
around and a walkway area during normal 
operations. During turnarounds, this floor 
surface is subject to oil spillage and abra- 
sion during exchanger cleaning, thereby 
making oil-soluble and soft coatings inad- 
visable. 


After more than three years since coat- 
ing application, no leakage into the con- 
trol room has occurred. 


High-Film-Build Alkyds 


In 1953, one manufacturer claimed that 
a new formulation alkyd type white tank 
paint could be cross-spray applied by mul- 
tiple pass in one coat to film thicknesses 
several times that of the conventional 
alkyd type without resulting in runs, sags 
or skin-dry wrinkling. With most of the 
conventional whites, film thicknesses of 
about 11% to 2 mils per coat were accepted 
standards. Because these thicknesses usu- 
ally did not give good hiding, two finish 
coats were normally specified. 

As a result of extensive literature studies 
and accumulated data on light oil vapor 
losses, large gasoline tanks at the Port 
Arthur refinery were painted white. Two 
small and three large tanks were finish 
coated, after priming, with two coats of 
the conventional alkyd type white finish. 
These were spray applied at a spreading 
rate of approximately 250 sq ft per gallon 
per coat, considered the lowest numerical 
rate at which these could be applied with- 
out resulting in runs or skin-dry wrinkling. 





This gave finish coat film thicknesses of 3 
to 4 mils and resulted in good hiding. 

Early in 1954, the first one-coat, multi- 
pass spray application of high-film-build 
white was made at an average spreading 
rate of 140 sq ft per gallon. This resulted 
in good hiding without any runs or sags. 
Average film thickness of this coat was 4 
mils with the thickness ranging between 
2 and 5 mils caused by the effect that 
variable wind and other conditions had 
on the amount deposited. 


Since this initial application, 17 similar 
one-coat finish applications of high-film- 
build alkyd paints have been made after 
conventional surface preparation and 
priming, to tanks ranging in size from 120- 
foot diameter by 40-foot height to 160-foot 
diameter by 48-foot height. However, spe- 
cial efforts were made to obtain a 150 to 
160 sq ft per gallon spreading rate to 
produce a dried white film of 3.5 to 4.0 
mils. Experience proved that a film thick- 
ness of more than 4 mils resulted in top 
film mud cracking after about one year’s 
weathering. 

Experimental multi-pass cross-spray 
one-coat applications of so-called conven- 
tional alkyd finishes primarily recom- 
mended by the manufacturers for two-coat 
applications were tried at spreading rates 
of 150 to 160 sq ft per gallon. These gave 
satisfactory hiding and films of 3.0 to 3.5- 
mil thickness without runs or skin-dry 
wrinkling when applied during atmos- 
pheric temperatures above about 80 F. 
When applied at lower atmospheric tem- 
peratures, low spreading rate, high film 
thickness and satisfactory hiding were dif- 
ficult to obtain in one coat without runs 
because of slower solvent evaporation. Of 
10 one-coat finish applications of conven- 
tional whites made on larger size tanks, 
only two were applied at atmospheric 
temperatures that made film application 
difficult. 

Recently, multi-pass spray application 
of a high-film-build alkyd red lead primer 
was made to the sandblasted surfaces of 
one small and several large new steel cone- 
roofed tanks at the Port Arthur refinery. 
On the small tank, one coat of primer was 
applied at an average spreading rate of 
128 sq ft per gallon, resulting in a 6 to 
8-mil dry film without running. The large 
tanks received two primer coats; high- 
film-build alkyd red lead was applied 
there at a 200 to 250 sq ft per gallon 
spreading rate to obtain a 2 to 3-mil 
dry film without runs. 


Summary and Conclusions 


Developments in coating formulations 
and application techniques during the past 
six or seven years permit field application 
of thick films of synthetic coatings. Equip- 
ment out-of-service time can be reduced 
because necessary film thickness is obtained 
in fewer coats. This is possible because of 
hot-spray application, catalyst-curing 
coating formulations and sprayable high- 


film-build alkyd paints. 


Field test applications of these materials 
show that satisfactory protection can be 
obtained for oil refinery equipment sur- 
faces such as the following: metal surfaces 
at waste water separators, cooling tower 
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Figure 7—Interior of light oil blending tank. Top half 
of the interior and the columns have been coated with 
a catalyst-cured epoxy-modified phenolic coating. 





Figure 8—Cooling tower fan assembly with catalyst- 
cured epoxy-modified phenolic coating. Assembly has 
been in service approximately 3 years. 


piping, interiors of exchanger shells and 
channels, tanks interiors and exteriors, 
cooling tower fan assemblies and ma- 
sonry walls. 

For best results, good surface prepara- 
tion is of primary importance. As with the 
conventional vinyls and baking type phe- 
nolics, a good sandblast anchor pattern 
of about 2-mil depth blasted to white 
metal and a dry dust-free surface are re- 
quired to obtain good results from hot 
spray vinyls and catalyst-curing coatings. 
For interior applications, use of vacuum 
equipment for removal of sandblasting 
sand and dust particles is advisable. Suc- 
cess or failure of the coating generally 
depends on attention or inattention to 
certain techniques of application, There- 
fore, close inspection should be maintained 
during surface preparation and coating 
application to see that the coating manu- 
facturer’s recommendations are followed. 
The coating should be cured adequately 
before process service is begun. 

A special technique used during coating 
application to tanks interior has been to 
sandblast and apply all coats to the upper 
portion; then, the bottom is sandblasted 
and the first coat brushed on. This elim- 
inates fall-out of dry overspray onto the 
bottom, minimizes imbedding of sand and 
dust particles into the coating insures bet- 
ter adhesion and durability. 

Hot spray vinyls apparently eliminate 
one of the disadvantages encountered in 
refinery usage of conventional vinyls: re- 
quirement of multiple coats to provide 
adequate pinhole-free film thickness. Al- 
though the hot spray type still has the 
limitation of being subject to blistering 
at temperatures above about 150 F, long- 
term flexibility of the vinyl type indi- 
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cates that it should protect alternating 
wet and dry surfaces such as the exterior 
of piping adjacent to cooling towers and 
those at waste water separators at tem- 
peratures below 150 F. Resistance of 
vinyls to acid and alkali attack makes 
the hot spray thick films useful as pro- 
tective coatings for refinery equipment 
subjected to acid and alkali exposures. 

At the Philadelphia refinery thick-film 
applications of catalyst-cured phenolic 
coatings have protected exchanger chan- 
nels and heads. Catalyst-cured epoxy 
caulking compound prevents “weepage” 
at riveted tank seams in certain chemical 
solution services. 

At the Port Arthur refinery, thick-film 
applications of catalyst-cured epoxy-modi- 
fied phenolic coatings have protected sur- 
faces exposed to low concentrations of sul- 
furic acid, to tank interiors in propane and 





other light hydrocarbon service, to vessel 
interiors in water service including ex- 
changer shells, channels and heads and 
steam condensate tanks with condensate 
temperatures about 180 F. These coatings 
are resistant to high concentrations of 
caustic soda solutions and solutions of oils 
and caustic soda at temperatures to 200 
F and probably higher. This type of thick- 
film coating has given satisfactory service 
on equipment in warm, high humidity at- 
mosphere such as that of fan assemblies 
at refinery water cooling towers. It has 
been used successfully as a coating for tank 
car interiors as a guard against contami- 
nation of highly refined oils and as a pro- 
tective glaze coating for unglazed tile. It 
has also been used successfully as a pore 
sealer and waterproofing coating. 
Multi-pass cross-spray applications of 
high-film-built alkyd white finishes, in one 


Any discussion of this article not published above 


will appear in the December, 1959 issue 
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coat, to properly primed oil storage tanks 
at the Port Arthur refinery have shown 
that, by meticulous application, dry films 
to 4-mil thickness are as satisfactory as con- 
ventional alkyd whites applied in two 
complete coats. However, film thickness 
higher than 4 mils results in “mud erack- 
ing” after about a year of exposure. Ap- 
plication of two complete coats, each of 
about 2-mil dry film thickness, requires 
less experienced technique and is more 
fool-proof. Experimental spray appli- 
cations of high-film-build alkyd red lead 
primers to sandblasted steel tanks indicate 
that satisfactory one-coat applications of 
these may be made to vertical surfaces at 
dry film thicknesses as high as 6 to 8 mils. 
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TECHNICAL PAPERS ON CORROSION WELCOMED 


Authors of technical papers on corrosion are invited to submit them for review without 


invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
tion of Papers” sent free on request to prospective authors. 





178t 





A® 
im 
iquec 
ind f 
vusly 
ion 

ctatic 
neth 
ealec 


perat 


f th 
Meta 


vill 


at a 


possi 
rates 
hydr 
seale 
by t 
whic 
Fc 
men 
unde 
ated 
of h 
mea: 
in t 
that 
velo 
corr 
syste 
the 
it W 
plic: 
met 
vate 
nan 
resu 
atte 
dyn 
as 
of 
Inst 
syst 
spai 
in | 


Exy 

I 
tiol 
bee 
thr 
aq 
ger 
wit 
the 
sur 
gel 
col 


*S 








» tanks 
shown 
y films 
1s con- 
n two 
ckness 
erack- 
2. Ap- 
ich of 
quires 
more 
appli- 
1 lead 
dicate 
ns of 
ces at 
| mils. 


Storage 


Vol. 15 






Corrosion Rate Measurement by Hydrogen Effusion 
In Dynamic Aqueous Systems 


Introduction 


HYDROGEN effusion method for 

corrosion rate measurements in 
.queous systems at elevated temperature 
ind pressure has been described previ- 
yusly! and data obtained by its applica- 
ion to the corrosion of mild steel in 
static systems have been published.? The 
nethod is based on the fact that in a 
ealed metal container, at elevated tem- 
perature, hydrogen evolved as a result 
if the corrosion reaction 


Metal+H,O — Metal Oxide-+2H (1) 


vill permeate the walls of the container 
at a comparatively rapid rate. It is 
yossible therefore to calculate corrosion 
rates from measurement of the rate of 
hydrogen effusion through the walls of 
sealed vessels which are being corroded 
by the water or the aqueous solutions 
which they contain. 


For the purpose of these measure- 
ments, the sealed vessels of the metals 
under test are surrounded by an evacu- 
ated system of known volume. The rate 
of hydrogen effusion is calculated from 
measurements of the rate of pressure rise 
in the evacuated system. It is known 
that in dynamic systems the fluid flow 
velocity within piping and around the 
corroding metal components of such 
systems can have a considerable effect on 
the rate of corrosion.’»* For this reason 
it was thought desirable to test the ap- 
plicability of the hydrogen effusion 
method to corrosion measurement at ele- 
vated temperature and pressure in dy- 
namic systems. This paper describes 
results obtained in this connection. No 
attempt was made to surround the entire 
dynamic system with an evacuated space 
as in the case of the sealed containers 
of the static system above mentioned. 
Instead, local sections of the dynamic 
system were surrounded by evacuated 
spaces and the rate of hydrogen build up 
in these spaces was measured. 


Experimental Apparatus and Procedures 

Each dynamic system consists of sec- 
tions in which vacuum-tight cans have 
been welded around the steel piping 
through which the high temperature 
aqueous solutions are circulated. Hydro- 
gen resulting from the corrosion reaction 
within these pipe sections effuses through 
the hot pipe wall into the evacuated can 
surrounding the pipe. The rate of hydro- 
gen pressure rise within the can is re- 
corded by a Pirani gauge circuit, and 





* Submitted for publication April 11, 1958. 
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from these data, combined with the vol- 
ume and temperature of the gas collect- 
ing system, the rate of hydrogen effusion 
is calculated. This, combined with the 
surface area of the pipe enclosed by the 
can, and the stoichiometry of the reaction 


3 Fe + 4H,O > Fe,O,-+ 4H, (2) 


permits calculation of the corrosion rate 
of the pipe wall corresponding to this 
hydrogen effusion rate. 
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Abstract 


A method of applying the hydrogen effu- 
sicn method to the measurement of corro- 
sion rates in dynamic aqueous systems at 
elevated temperature and pressure is de- 
scribed. Data obtained in low carbon steel 
systems are presented, including (1) repro- 
ducibility obtained in measured hydrogen 
effusion rates at a flow velocity of 1 foot 

r second at a temperature of 600 F and 
5000 psi, and (2) a quantitative compari- 
son between the hydrogen effusion rates in 
static and in low flow velocity dynamic 
systems at this temperature and pressure. 

Some observations are included on cor- 
rosion rate measurements in a high flow 
velocity (30 feet per second) loop by the 
hydrogen effusion method. Implications of 
these measurements with regard to the 
comparison between high flow velocity cor- 
rosion and low flow velocity corrosion are 
mentioned and some data indicating high 
local sensitivity of the hydrogen effusion 
method are noted. Some possible difficulties 
involved in the method are pointed 5 


Thermal Convection Loops 

The dynamic systems used in this work 
consisted chiefly of thermal convection 
loops of SAE-1010 ¥-inch schedule-80 
pipe, a schematic diagram of which is 
given in Figure 1. Each thermal loop 
was 31 inches wide and 53 inches high 
and consisted of flanged sections as 
shown. As indicated, three of the flanged 
sections of pipe had vacuum-tight cans 
welded around them for the collection 
of effused hydrogen gas from the corrod- 
ing inside surface of the pipe at tem- 
perature. 

Each can was connected by means of 
one vacuum valve to a common vacuum 
manifold and pumping system, and by 
means of another vacuum valve to a 
Pirani bulb and gauge circuit which was 
a modification of that of Schwartz and 
Lavender.® The Pirani circuit output was 
recorded. The heater indicated at the 
bottom of the loop was an external re- 
sistance heater controlled by a Brown 
Pyrovane controller to give the desired 
temperature to the water circulating in 
the loop. In the cooler, copper tubing 
through which cooling water was passed 
was wrapped around the outside of the 
pipe. 

The surge tank was a cylinder fabri- 
cated from 3-inch schedule-80 low-car- 
bon-steel pipe, 18 inches long, connected 
to the loop by % inch OD, % inch ID 
low-carbon-steel tubing. Another external 
resistance heater, Pyrovane controlled, 
was used to fix the temperature of the 
surge tank. In use, the loop system was 
filled with water and the surge tank 
partially filled. This permitted the surge 
tank to take up any hydrostatic expan- 
sion due to temperature variations in the 
loop. By maintaining the temperature of 
the surge tank above the temperature 
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Figure 1—Schematic diagram of thermal convection 
loop. 


of the loop it was also possible to main- 
tain the pressure of the system at a 
level (2000 psi) which prevented boiling 
in the loop (at 316 C). The system 
pressure was recorded and a control was 
provided to cut off the heaters should 
the temperature control fail and the pres- 
sure become excessive. A rupture disk 
also was provided as a safety device 
should the other controls fail. 


Preparation and Assembly of Loop Parts 

The thermal convection loops were 
fabricated from -inch SAE-1010 sched- 
ule-80 steel pipe. Prior to assembly, all 
inside surfaces of the piping were cleaned 
by treatment with 2.3 percent H,SO, at 
85 C for approximately 10 minutes, fol- 
lowed by prolonged rinsing with distilled 
water to remove all traces of acid. The 
canned sections of pipe required special 
treatment due to the need for special 
cleanliness within the evacuated can sec- 
tion. This was done in order to avoid 
excessive outgassing from the system dur- 
ing hydrogen gas collection. 

Figure 2 is a photograph of a canned 
length of pipe which has been cut in 
half to show details of construction. After 
the can was welded to the pipe, vacuum 
valves were in turn welded to the two 
side connections on the can. The can and 
enclosed pipe were then placed in a 
special furnace which allowed the side 
connections from the can to project out- 
side the furnace. Hydrogen gas, deoxi- 
dized and dried by passage through a 
DeOxo Hydrogen Purifier (Baker and 
Company, Newark, N. J.) and a liquid 
nitrogen cold trap, was passed for % 
hour through the gas collection chamber. 
The chamber was maintained at a tem- 
perature of 675 C, in order to reduce 
most of the oxides and other reducible 
impurities present to a minimal value. 
The hot can was then evacuated until 
the pressure became less than 20 microns 
(approximately 15 minutes) after which 
the can was allowed to cool in the fur- 
nace under vacuum. The inside surface 
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Figure 2—Section through pipe with attached can 
for effused hydrogen collection. 


of the pipe was then cleaned with hot 
2.3 percent H,SO, in the same manner 
as all other loop sections. 

Loop assembly was by means of flanges 
drawn up against SAE-1010-steel blocks 
and sealed with stainless steel Flexitallic 
gaskets (Flexitallic Gasket Company, 
Camden, N. J.). The blocks were drilled 
out to a diameter equalling the inside 
pipe diameter and were used for con- 
nections to the interior of the loop by 
drilling holes into the sides of the block 
and welding tube or pipe connections 
into the hole. Connections to the surge 
tank or to pressure valves for sampling 
or admission of fluid were made in this 
manner and wells for the insertion of 
thermocouple wires were also welded 
into such holes in the block. After as- 
sembly the tightness of each loop was 
checked by pressurizing with an inert 
gas. When tight, the gas normally was 
removed from the loop by evacuating the 
system. After this the aqueous fluid to 
be used for the run was admitted and 
the pressure valves used for evacuating 
and filling the loop were closed, the 
heaters for loop and surge tank were 
turned on, and water flow was started 
through the cooling coil. Hydrogen effu- 
sion became appreciable at a threshold 
temperature of about 148 C. 


Measurement of Corrosion 

Measurement of corrosion rates by 
hydrogen effusion depends upon accurate 
measurement of the amount of hydrogen 
effused over a given time period. This 





in turn involves knowledge of the pres 
sure, volume, and average temperature 
of the gaseous hydrogen collected. 


As can be seen from Figure 1, the 
volume of each gas collecting system in 
cluded, in addition to the can volume 
the volume of the connection from the 
can to the vacuum valves and from on 
vacuum valve to the vacuum gauge. Thi 
latter connection was %6-inch-OD-cop-. 
per tubing attached to the valve exten- 
sion and to the Pirani bulb by flanges 
and neoprene o-rings to ensure tightness 
The U-bend shown in the tubing wa: 
used as a cold trap. The volume of eacl 
system was determined from its know: 
geometry and was checked by expansioi 
of a known volume of gas into the sys 
tem at room temperature. The volum« 
was found to be 550 + 5 cm’. 


The pressure within the system was 
obtained from the Pirani circuit record. 
The Pirani gauge was calibrated with 
dry hydrogen gas and a McLeod gauge 
prior to each run to ensure accuracy. 
Chilling of the cold trap with liquid 
nitrogen during measurement ensured 
that no pressure due to the outgassing 
of any condensable gases from the system 
would be measured. 


Determination of an average tempera- 
ture for the hydrogen gas collected was 
somewhat difficult, due to the varied 
temperatures of different parts of the 
system. However, by expansion of a 
known amount of dry hydrogen gas into 
the evacuated collecting system, and 
applying the gas laws, it was possible to 
calculate that the average temperature 
of the hydrogen gas in the collecting 
system was approximately 105 C. During 
the expansion process the loop was main- 
tained at 316 C and the cold trap was 
chilled to simulate the exact conditions 
encountered during an actual measure- 
ment of hydrogen effusion due to corro- 
sion. The hydrogen effusion rate ob- 
tained from the above data was com- 
bined with the stoichiometry of the reac- 
tion 3Fe + 4H,O — Fe,O, + 4H, to 
calculate the equivalent weight of steel 
corroded. Knowing the surface area of 
the corroding pipe within the gas collect- 
ing can (a 6.5-inch length of 1%4-inch-ID 
pipe) the corrosion rate per unit area 
could be obtained. In this way it was 
possible to calculate that a pressure rise 
within the gas collecting system of 1 
micron of hydrogen per minute was 
equivalent to a weight-loss corrosion rate 
of 56 milligrams per square decimeter 
per month (mg /dm?/mo) within the pipe. 


Flow Velocity 

An indication of the rate of flow 
within the thermal convection loops was 
obtained by injecting 5 to 10 cm® of cold 
water into a loop by means of a Sprague 
high pressure pump and following the 
flow of the cold water through the loop 
by means of thermocouples in the 
stream. Due to diffusion of the cold 
water into the hot, and the rapid warm- 
up of the small volume of colder water 
the precision obtained was not high. 
However, a series of experiments in a 
loop with a hot-leg temperature of ap- 
proximately 316 C and a cold-leg tem- 
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pres perature of approximately 305 C, at a ing rate curve observed in a new loop air-saturated water stored in polyethyl- 
rature pressure of 2000 psi, indicated that the prepared with clean pipe sections (see ene containers prior to use in the loop. 
flow velocity under these conditions was Figures 3 and 4), reaching a rate of 29 The results do not show a clear correla- 
, the of the order of 1 foot per second. mg/dm?/mo in 27 days. The indication tion between the two different types of 
m in was that hydrogen effusion rates depend water used. The corrosion rates meas- 
lume Experimental Results primarily on the local pipe wall corro- ured (arithmetic mean of three measur- 
n the Initial results in the thermal loops sion process. ing systems for each run) indicate a wide 
a on were erratic and reproducibility between In the other experiment, 50 cm? of variation from run to run in the first 
Thi the corrosion rates measured by three hydrogen gas at normal temperature and few days. The rates from all runs ap- 
-cop hydrogen effusion systems on the same pressure were injected into a loop dur- proached each other after two weeks 
xten- loop run at 316 C tended to be poor. ing a run by means of a bomb equipped and almost coincided for three of the 
anges Most of the difficulties proved to be a with high pressure valves. Information five runs at that time. As the runs con- 
tness esult of small leaks in the vacuum cans regarding the hydrogen gas concentra- tinued the rates became more and more 
was ind associated apparatus used to measure tion normally present in loops as a result similar, and extrapolation to 35 days of 
eacl he amount of hydrogen effusing from of corrosion under the conditions of these all of the runs would appear to give es- 
now! he loop piping. When the leaks were experiments is not available, but evidence sentially similar corrosion rates for all 
nsio1 liminated fair reproducibility in the of such concentrations under related con- five of the loops at that time. 
: Sys ‘orrosion rates measured at the three  ditions® indicates a probable concentra- The lack of reproducibility of rates 
lum¢ separate canned sections on the same _ tion of the order of 10 cm* hydrogen per measured in the first few days may be 
oop were obtained. The worst reproduc- liter. The 50 cm® injected into the 2900 due either to: (1) Variation in the actual 
wits bility obtained in tested vacuum-tight cm® of the loop plus surge tank volume corrosion rates (which might initially be 
cord. systems is shown in a run in Figure 3. provided an additional hydrogen gas strongly affected by slight differences in 
with The arithmetic mean of the values ob- concentration of 17 cm* per liter. No the pipe surfaces, a factor which would 
auge tained in the three measuring systems is change in the indicated corrosion rate become less important as corrosion prod- 
racy. shown in the graph, with the individual was observed as a result of the hydrogen uct films covered the initial surface) or, 
quid neasured values indicated. The maxi- addition to the loop water, again indi- (2) Lower reliability in the hydrogen 
ured num deviation from any of the mean cating dependence of the hydrogen effu- effusion method in the early portions of 
ssing values in this run was + 26 percent. No _ sion rate upon local pipe wall corrosion, a loop run. It is clear, however, that 
stem zreater deviation from the mean value rather than on hydrogen concentration agreement between the results obtained 
was found in any run using systems leak- _ jn the circulating high pressure water. from run to run improves as the corro- 
yera- ‘ested at temperature (316 C). The corrosion rates calculated from a sion time is extended and is reasonably 
was The use of hydrogen effusion measure- series of five runs using pure water at good for this type of data after a month. 
ried ments to calculate corrosion rates is 316 C are shown in Figure 4. Three of Run 21E, one of the five included 
the based on the assumption that the gas the runs were made using distilled water above, was made for special comparison 
foa whose pressure is measured is pure hy- treated with deionizer resin (Amberlite ~ with runs simultaneously made in static 
into drogen. In order to check this, the non- MB-1) to remove any remaining ionized capsule systems! using identical water 
and condensable gas from two measuring impurities. The distilled water was boiled and low carbon steel of similar composi- 
e to systems was transferred to a gas analysis jin a stainless steel reflux apparatus to tion. The water used in capsules and in 
ture apparatus, where hydrogen was deter- eliminate any air in solution, and stored the loop was taken from the same poly- 
ting mined by reaction with cupric oxide at under helium gas in a polyethylene con- ethylene container into which it had been 
ring 325 C to form water. Of 270 microns of tainer during transfer to the loop. distilled. The water was stored for seven 
ain- gas pressure 260 microns were shown to Two runs were made with distilled days in the container prior to use both 
was be due to hydrogen, indicating a hydro- in the loop and in the capsule runs. An 
ions gen content of 96.3 percent in the gas. additional amount of water from the 
we Since some contamination of the gas 400 same still batch was distilled into a 
rro- undoubtedly occurred during transfer a platinum container and stored there prior 
ob- and handling in the analytical process, si to use in another series of capsule runs. 
om- the actual percentage of hydrogen in the The results of loop run 21E and of the 
ace cold-trapped gas in a measuring system 350 two series of capsule runs are shown in 
to as used is indicated to be close to 100 ce Figure 5. In one capsule run, water 
teel pee | identical to that in the loop run was used; 
of Two experiments were performed to 300}— in the other the water used was identical 
ect- check whether the rate of hydrogen effu- except for storage in platinum instead 
-ID sion into a welded vacuum can was con- 275|- of in polyethylene. Experience with other 
rea trolled primarily by the corrosion and 3 runs in capsules indicates that the slightly 
was effusion processes taking place at the 280) — lower corrosion rates shown by one of 
rise pipe wall to which the can is welded, or L the above sets of capsules at 80 days may 
Pa to other factors such as hydrogen con- & 225}— be anomalous, and that rates more 
vas centration in the circulating loop water. ~ closely approaching those shown by the 
ate A loop was assembled in which two of r= 200F loop run and by the other set of capsules 
ter the canned pipe sections had been pre- a run at this time may normally be ex- 
pe. treated for 27 days in a loop operated 9 175;— pected. 
at 316 C with distilled, deionized, de- « 
gassed water, thus reaching an indicated @ 150 
ow corrosion rate of the order of 30 mg/ 
vas dm?/mo. The interior of the third canned “T 
old pipe section had been freshly cleaned L a weeusereiae 
rue prior to loop assembly. When the run ae i s- " “al 
the was made in this loop at 316 Cc er ge 75 << seal VACUUM SYSTEMS 40, If AND 13 
op fresh charge of distilled, deionized and 
the degassed water, the corrosion rates indi- pe “ 
ald cated by the pretreated pipe sections 
m- continued low (of the order of 21 mg/ a5 ‘ 
ter dm?/mo after 1 day and 9 mg/dm?/mo 
sh. after 27 days). The corrosion rate indi- ol Hpitititititfititifitititititititit 
a cated in the freshly cleaned pipe section TIME (DAYS) 
ip- wee initially much higher (410 mg/dm?/ Figure 3—Reproducibility of corrosion rate measurements by different vacuum systems on a thermal 
m- mo) and followed the typically decreas- convection loop. 
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Figure 4—Comparison of corrosion rates measured in different thermal convection 


loop runs. 


Some Observations on a High Flow 
Velocity Loop 

In addition to the work in thermal 
loops reported above, a few runs have 
also been made in a larger loop with a 
liquid flow velocity of 30 feet per second. 
The loop used was similar in construc- 
tion to the thermal loops, except that 
flow was effected by means of a stainless 
steel pump with a canned motor (West- 
inghouse 150C pump) instead of by 
thermal convection. One and one-half 
inch schedule-80 SAE-1010-steel pipe was 
used throughout, the height of the loop 
being 40 inches and the length 72 inches. 
The volume of the vacuum measuring 
systems and the surface area of the 
canned pipe were also different from 
those in thermal loops. For this reason a 
different factor was used for calculating 
corrosion rates from rate of hydrogen 
pressure rise (1 micron per minute of 
pressure rise=25 mg/dm?/mo of weight 
loss for the pumped loop, compared with 
56 mg/dm*/mo for the thermal loops). 
Provision was made in this loop for the 
insertion of corroding specimens into one 
of the canned pipe sections. 

The runs made in this apparatus were 
too few and the results not sufficiently 
reproducible to warrant reliable quanti- 
tative conclusions regarding corrosion 
rates at the flow velocity of 30 feet per 
second. Some of the results obtained, 
however, appear of interest. 

All the corrosion rates measured, com- 
pared to corrosion rates in thermal loops 
after a similar time interval from the 
beginning of a run, were much higher 
in the high velocity loop. After 14 days, 
for example, the corrosion rates observed 
in the pumped loop, for different runs, 
were 2.5 to 9 times the average of those 
found in thermal loops. This indicated 
that the carbon steel corrosion rate at a 
flow velocity of 30 feet per second in 
316 C water at 2000 psi is considerably 
higher than the corrosion rate in similar 
water at a flow velocity of 1 foot per 
second. 

In one run, a sample holder with cor- 
rosion specimens (longitudinal segments 
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of the same piping from which the loop 
was made, 41% inches long, 34-inch wide, 
and %¢-inch thick) was placed in one of 
the three canned sections while the other 
two sections were without specimens. 
The total surface area of corroding metal 
in the pipe section containing specimens 
was 2.3 times the corroding metal area 
in the empty pipe sections. The hydro- 
gen effusion rate from the pipe section 
containing the specimens was found to be 
two to three times that from the empty 
pipe sections. The ratio was followed 
with fair consistency over the entire 
course of the run, over widely varying 
corrosion rates as the run proceeded (95 
to 305 mg/dm?/mo for sections without 
specimens, 280 to 690 mg/dm?/mo for 
the section with specimens). 

The higher effusion rate from the sec- 
tion containing specimens undoubtedly 
was due to corrosion of the specimens 
and holder within the section, added to 
the normal corrosion occurring at the 
pipe wall. These results indicate the high 
sensitivity to local corrosion of the hy- 
drogen effusion method. The method ap- 
pears to be affected by corrosion occur- 
ing near the pipe wall through which 
the measurement was being made, as 
well as by corrosion of the pipe wall itself. 

Some optical observations on corrosion 
in the high flow velocity loop are being 
presented in a separate article.’ 


Discussion 

The close agreement between the re- 
sults obtained in the static test and those 
obtained in the dynamic test at about 1 
foot per second and the pronounced 
sensitivity to local changes in conditions 
at the pipe wall encourage the belief that 
useful data may be obtained by this ap- 
plication of hydrogen effusion measure- 
ments to dynamic systems. It must be 
pointed out, however, that, in contrast 
with the apparatus used in the static 
case, the apparatus used in the dynamic 
case may introduce hydrogen into the 
corroding area. Such hydrogen may be 
introduced by transfer through and with 
the moving fluid from sources other than 











» 40 50 60 70 80 90 
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Figure 5—Comparison of corrosion rates measured in static and in dynamic 
systems by hydrogen effusion. 


the local corrosion which it is desired 
to measure. Likewise the apparatus used 
in the dynamic case may remove from 
the corroding area some of the hydrogen 
therein generated by the corrosion re- 
action. Whether this is a compensating 
effect and thus does not influence the 
reliability of the measurement has not 
been adequately explored. 

It has been shown that corroding spec- 
imens inside the high velocity loop 
increased the rate of hydrogen effu- 
sion from the pipe wall in the imme- 
diate vicinity of the specimens. This then 
raises the question as to whether this 
hydrogen effused directly into the pipe 
wall through the metallic contact be- 
tween the specimen holder and the pipe 
wall or whether it was generated origi- 
nally as molecular hydrogen which so 
increased the local concentration of 
molecular hydrogen as to cause the ob- 
served increase in effusion. Further data, 
perhaps using corroding samples insu- 
lated from the pipe wall, and checking 
sample corrosion rates by weight loss 
for correlation with pipe wall corrosion 
rates by hydrogen effusion are required 
for proper establishment of the reliability 
of the method for quantitative purposes. 
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Introduction 
be A PREVIOUSLY reported corro- 


sion study! it was indicated that: 


1. The measurement of corrosion by 
he method of hydrogen effusion seemed 
o have a threshold temperature of 
150 C, 


2. When the loop charge contained 
yxygen the indicated corrosion at tem- 
peratures up to 316 C was extremely 
low. 


In order to further investigate these 
indications an apparatus was designed 
for direct visual examination of corro- 
sion and Tyndall effect in a high tem- 
perature-high velocity water loop. 


Apparatus 

The visual observation tube is shown 
in Figure 1. There are three quartz win- 
dows set normal to the water stream as 
indicated. This positioning allows obser- 
vation either by back lighting or by 90 
degree incident light. The back lighting 
may be used to measure the relative op- 
tical density of the loop stream while the 
90 degree incident light is necessary to 
any study of Tyndall effect in colloidal 
dispersion. Gasketing of the quartz win- 
dows with Flexitallic gaskets allows the 
entire assembly to operate at the tem- 
perature of the loop stream and thus 
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Figure 1—Apparatus for visual observation 
of corrosion. 


Visual Observations on the Water Stream 
In An Elevated Temperature High Velocity Loop“ 


By R. E. SEEBOLD* 


eliminates thermal gradients which could 
interfere with visual observation. 

The loop shown in Figure 2 was com- 
posed of 1!-inch-Schedule 80 low car- 
bon steel piping with a total low carbon 
steel area of 1070-square inch internal 
surface. Circulation was maintained at a 
velocity of 30 ft/sec by means of a 
Model 150-C Westinghouse pump. 


Experimental Procedures 

The entire low carbon steel section of 
the loop was cleaned in 2.3 percent sul- 
furic acid, thoroughly rinsed in distilled 
water, and dried in reagent grade ace- 
tone. The loop was then assembled and 
the observation section was installed. 
After evacuation by means of a mechani- 
cal vacuum pump to 10 microns the loop 
was filled with degassed distilled water. 
A pressure of 2000 psi was applied to the 
loop charge by means of a heated surge 
tank connected to the loop through a 
1/16-inch ID tubulation. Heating of the 
loop was accomplished by both the ac- 
tion of the impelling pump and external 
heaters. Approximately 45 minutes were 
required to heat the loop stream from 
24 C to 316 C. All temperature measure- 
ments were made by means of thermo- 
couples contained in wells in the loop 
stream. 

In the first and fourth observation 
runs the entire loop was cleaned prior 
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Abstract 


The role of oxygen in the corrosion asso- 
ciated with high temperature water systems 
utilizing low carbon steel containment has 
been under study for many years. This re- 
port describes the “‘in situ’’ visual effects of 
oxygen and oxide coatings on the corrosion 
occurring in a high velocit maser loop sys- 
tem at temperatures up to 600 F. The visual 
effects are correlated with previously re- 
ported corrosion data measured by physical 
methods. It 1s concluded that oxygen inhibits 
the corrosion process. 3.4.6 


to assembly. These two runs differed in 
that Run No. 1 was made using degassed 
distilled water while Run No. 4 was 
made using degassed distilled water to 
which pure oxygen was added. The gas 
was added by charging a 10 cc bypass 
bomb to 2000 psi with pure oxygen at 
room temperature and then opening the 
bypass valves to the loop. For Run No. 2 
the loop was continued in the oxidized 
condition resulting from Run No. 1 
while for Run No. 3 a portion of the 
loop amounting to 316 square inches in- 
ternal surface was cleaned in 2.3 percent 
acid as previously described and rein- 
stalled in the loop, the remainder of the 
internal surface remaining in the oxide 
covered condition. 


Results 
Table 1 shows the visual observations 
of changes in loop stream waters during 
circulation and heating from 24 C to 
316 C. Each run covered a total time of 
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Figure 2—Schematic diagram of high velocity loop. 
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Temperature, °C Run No. 1 


24-135.... Water, clear 
+135 i Water, yellow 
135 163. Water: opaque 
brown 
Stax eesti Sudden clearing 
316 es A Waker clea é ‘Solid 


black particles 


only one hour of operation. Under no 
conditions was a Tyndall effect noted. 


Conclusions 
These experiments show that, visually, 
the amount of material transported in 
the stream of a water-charge loop is de- 


TABLE 1—Color of Loop Stream Water at Various 


Water, clear | 
Water, clear 


Temperatures 


Run No. 2 Run No. 3 Run No. 4 


Water, clear 


Water, clear 


Water, clear 





Water very pale 
yellow 

Water, clear Water, yellow- 

brown 





Water, clear 


Water, clear Sudden clearing Water, clear 





Water, clear. Some Water, clear 
particulate matter 


Water, clear 


carbon steel available to the stream and 
on the oxyen content of the water 
charge. The absence of a visible Tyndall 
effect in all observations would tend to 
indicate that the material in the loop 
stream may not be colloidal, although 
the opacity found in Run No. 1 and the 
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in water under the given conditions cas's 
some doubt on such a conclusion. 

In the case of Runs No. 1 and No. 2 
the stream coloration beginning at 135 
C agrees quite well with the previously 
observed hydrogen effusion threshold ! 
This then must be taken as the temper: - 
ture at which appreciable corrosion b:- 
gins. The sudden clearing at 205 C caa 
be due only to precipitation of the ircn 
compounds carried in the stream. 

In view of previous observations? and 
those in Run No. 4 here, the presence 
of a proper concentration of oxygen in 
the water charge would seem to inhib t 
the corrosion process. 
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Any discussion of this article not published above 
will appear in the December, 1959 issue R' 
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DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 


Discussions will be reviewed by the editor of Cor- T 
rosion and will be sent to the author of the paper can 
discussed for his replies, if any. Publication will be in a 
the Technical Section with full credit to the authors proc 
together with replies. Discussions to papers presented a 
at meetings of the association may be submitted in ee 
writing at the time of presentation or later by mail to A 


err 


the editorial offices of Corrosion, 1061 M & M Bldg., = 


vel 


Houston 2, Texas. - 


other representative data and be submitted in three 
typewritten copies. In cases where illustrations are 
submitted, at least one copy of figures should be of 
a quality suitable for reproduction. 


Authors will be sent on request a copy of the NACE 
Outline for the Preparation and Presentation of Papers. 
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Minimum Corrosion For Butane 
lsomerization Units” 


A Contribution to the Work of NACE Group Committee T-8 
On Refining Industry Corrosion,” By J. F. Mason Jr. 


And C. M. Schillmoller” 


Introduction 
ELATIVELY LITTLE information 
has appeared regarding corrosion 

problems associated with butane isomeri- 
vation units. This paper will review some 
of these problems and point out where 
corrosion has occurred or normally can 
be expected to occur. Also, remedial steps 
will be indicated for consideration by 
those operators who are experiencing se- 
vere corrosion in their units. 

The increasing demand for aviation 
gasoline and for motor fuels of progres- 
sively higher octane have forced the re- 
finer to make broader use of olefin alkyla- 
tion with isobutane. The alkylate gasoline 
has a high neat octane rating, low sensi- 
tivity, high lead susceptibility and gen- 
erally excellent blending properties. The 
use of alkylate in premium motor gaso- 
lines today is considered as an economical 
means to help meet the high octane de- 
mands. 

Corresponding. amounts of isobutane 
and olefins (propylene, butylene, amyl- 
ene and even ethylene) must be supplied. 
There appears to be no shortage of olefins 
for the present, although there is a short- 
age of isobutane. Therefore, there is a 
decided interest in processes for convert- 
ing the more plentiful normal butane to 
isobutane for alkylation. This is part of 
the trend to further extensive upgrading 
of the light paraffinic fraction. 


Processes 

There are essentially two processes that 
can be applied to the isomerization of bu- 
tanes to isobutane: the butane vapor- 
phase process and the butane liquid-phase 
process. As their names indicate, the chief 
difference is that in one case a liquid 
butane and in the other case, a butane 


* A paper presented at a meeting of the West- 
ern Region, National Association of Corro- 
sion Engineers, Los Angeles, California, No- 
vember 17-21, 1958. 

) E. B. Backensto, Socony Mobil Oil Co., Ince., 
Paulsboro, N. J., Chairman. 

2) International Nickel Co., D and R Division, 
New York, N. Y 


vapor is passed, after drying and scrub- 
bing, to the reactor or contactor where 
the butane is intimately contacted with a 
catalyst containing aluminum chloride. 
The activity of this catalyst is greatly in- 
creased by the addition of anhydrous 
hydrochloric acid. 

Both types of processes were widely 
used during World War II, when the mili- 
tary demand for aviation gasoline and 
hence for alkylate, became enormous. 
After the war, operation of some of these 
plants was discontinued; others main- 
tained operation. The design of postwar 
units were improved chiefly in the reactor 
section, with provision of extra reactors 
connected in series to improve the con- 
version per pass. For corrosion discus- 
sion purposes, however, the simplified 
flow diagram of a butane isomerization 
unit shown in Figure 1 will suffice to 
cover both processes. Typical operating 
conditions are shown in Table 1. It is not 
within the scope of this paper to compare 
the two processes. 

Because of the nature of the catalyst 
and recycle of HCI gas, a corrosion tends 
to be related directly to the degree of 


aqueous hydrochloric acid formed from 
moisture pick-up, etc., and to sludges 
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Abstract 


A review is made of corrosion problems as- 
sociated with butane isomerization units. In 
this connection, vapor-phase and _liquid- 
phase butane isomerization are considered 
separately. Data reported include corrosion 
rates of nickel and Monel in HCl at 30 C, 
corrosion of Hastelloy alloys A and B in 
HCl at room temperature, effect of tem- 
perature on corrosion of nickel and Monel 
in 5 percent HCl, and corrosion of Type 1 
Ni-Resist in unaerated HCl at room tem- 
perature. 

In butane isomerization units it is im- 
portant that the feed be kept dry and that 
such impurities as sulfur, pentanes and 
olefins be reduced to a minimum. Adequate 
guard chamber capacity is a must. Alloys 
must be carefully selected for use in loca- 
tions where corrosion is severe. 


present in the system which absorb chlo- 
rides. A review will be made here of cor- 
rosion by hydrochloric acid followed by a 
discussion of the corrosion experiences in 
each of the processes, together with re- 
medial steps. 


Corrosion By Hydrochloric Acid 

The rates of corrosion on carbon steel 
by dilute hydrochloric acid solutions are 
very severe indeed; for example, a metal 
loss of about | inch per year may be ex- 
pected in the presence of about 2 per- 
cent hydrochloric acid at room tempera- 
ture. HCl gas concentrations employed 
in isomerization processes are about 5-10 
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Figure 1—Typical aluminum chloride isomerization flow diagram. 
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Figure 2—Corrosion of nickel and Monel in hydro- 
chloric acid at 30 C (86 F). 


percent which hydrolize in the presence 
of moisture to form dilute hydrochloric 
acid solutions. 

The nickel and high nickel alloys are 
among the few metallic materials having 
useful resistance to hydrochloric acid so- 
lutions. Selection of the most useful and 
economical of these materials depends 
chiefly upon the concentration, aeration 
and temperature of the acid. 

The performance of all of the high- 
nickel materials in hydrochloric acid so- 
lutions has been determined by service 
experience and by numerous laboratory 
and plant corrosion tests. 


Acid Concentration 

Figure 2 shows the effect of hydro- 
chloric acid concentration upon the cor- 
rosion rates of Monel and nickel in air- 
free and air-saturated solutions at 30 C 
(86 F). 

It will be noted that the corrosion 
rates of Monel and nickel at room tem- 
perature are approximately the same up 
to 10 percent acid concentration. In this 
concentration range, the corrosion rates 
of both materials in air-free solutions are 
normally under 0.01 ipy. The rates for 
both materials are increased considerably 
by saturating the solutions with air. 

Above 15 percent acid concentration, 
the corrosion rates of Monel begin to in- 
crease rather sharply. In practice, appli- 
cations of Monel at room temperature 
will be, in general, limited to concentra- 
tions under about 10 percent in aerated 
solutions and under about 20 percent in 
air-free solutions. 

For handling hydrochloric acid in con- 
centrations and temperatures above those 
indicated for the suitable performance of 
nickel and Monel, the most resistant of 
the high nickel alloys are the Hastelloy 
alloys A and B. Laboratory corrosion test 
data for both of these materials over the 
complete range of hydrochloric acid con- 
centrations at room temperature, are pre- 
sented in Figure 3. 


Temperature Of The Solution 

An increase in temperature increases 
the corrosion rates of both Monel and 
nickel in hydrochloric acid solutions, al- 
though nickel is affected more in this 
respect than Monel. Corrosion rates of 
Monel and nickel in 5 percent hydro- 
chloric acid, both air-free and air-satu- 
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Figure 3—Corrosion of Hastelloy alloys A and B in hydrochloric acid at room temperature. 


TABLE 1—Operating Conditions of Vapor Phase and Liquid Phase Process Units 











Corrosion Rate, Inch per Year (Ipy) 


30 40 





VAPOR PHASE PROCESS | LIQUID PHASE PROCESS 





| 
Area of Unit | 





Temperature, Pressure, Temperature, Pressure, 
°F | psig °F psig 
Se ae ae aan 70 200 70 330 
After Feed Preheaters. . ... oa 225 170 180 305 
MING 8 og ans aco 6.5.05'6 Khewese | 225 160 195 300 
RN NINE 5 oc oo 00 ees bead ka 225 150 180 170 
Accumulator & Vent Gas Scrubber... 50 125 100 aia 
HCI Stripper Column............... 220 280 ssc 325 
Caustic Wash......... oe 100 | ax 140 Ses 


Catalyst 
Average conversion per pass..... 


rated, at temperatures up to 90 C (194 F) 
are shown in Figure 4. In unaerated 5 
percent acid, Monel is usefully resistant 
up to about 75 C (167 F) and nickel up 
to 55 C (130 F). Applications of both 
materials, but particularly of Monel, in 
lower concentrations at higher tempera- 
tures are common. In most of the proc- 
esses in which hydrochloric acid is formed 
as a result of hydrolysis of chlorides or 
chlorinated solvents, acid concentrations 
are less than 0.5 percent; corrosion from 
these acids is being withstood satisfactorily 
at temperatures of 300 to 400 F. 


Hastelloy B is notable for its unusually 
high resistance to hydrochloric acid solu- 
tions of all concentrations and tempera- 
tures (see Figure 5). It is recommended 
particularly for service in hydrochloric 
acid solutions in the temperature range 
from 158 to 230 F and for handling 
wet hydrogen chloride gas. The penetra- 
tion rate is only 148 mdd (0.023 ipy) in 
a 20 percent boiling solution, generally 
considered to be one of the most corro- 
sive conditions. 

In Figures 3 and 4, corrosion rates have 
been shown in air-saturated and air-free 
solutions in order to provide information 
as to upper and lower limits of corrosion 
which conceivably might be encountered 
in practice. In petroleum applications the 
system is not aerated and is usually free 
from oxidizing salts. 

Experience with nickel and Monel 
equipment under various conditions of 
stress has demonstrated that these ma- 


Aluminum chloride 


93% antimony trichloride 
& 7% aluminum chloride 


— re 50% -55% 








35%-45% 


terials are not subject to stress-corrosion 
cracking in hydrochloric acid solutions. 

The addition of nickel to iron in- 
creases its resistance to hydrochloric acid 
solutions at atmospheric temperature. 
The improvement is roughly in propor- 
tion to the nickel content where the 
nickel addition is above about 12 per- 
cent. 

The nickel-iron alloys most commonly 
used with dilute hydrochloric acid at 
room temperature are the nickel and 
nickel-copper cast irons of the Ni-Resist 
series. Corrosion rates of Type 1 Ni-Re- 
sist (13.5 to 17.5 percent nickel, 5.5 to 
7.5 percent copper, and 1.75 to 2.5 per- 
cent chromium) in unaerated hydro- 
chloric acid solutions at room tempera- 
ture are given in Table 2. Experience has 
shown that these corrosion rates can be 
applied equally as well to ductile Ni-Re- 
sist. 


Vapor Phase Butane Isomerization 


As pointed out in the previous section, 
the corrosive conditions result from for- 
mation of dilute HCI and sludge. The im- 
portance of keeping the system dry and 
free from sulfur, olefins and _pentanes, 
cannot be over-emphasized. A number of 
case histories showing specifically the 
points where corrosion may be expected 
will be discussed. 

The Bartlesville Unit of Phillips Petro- 
leum Company was discussed recently in 
a paper by J. S. Connors and C. L. Seyer.’ 
The unit was constructed of carbon steel 
with ¥@ inch corrosion allowance in the 
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HCl stripper, stripper feed tank and 
caustic wash tank. A gunite lining was 
used in the pretreater. Hastelloy B was 
employed for lining the reactor and for 
the piping from the pretreater to the re- 
actors and from the reactors to the guard 
chambers. The remainder of the piping 
was steel and had a 3/16 inch to ¥ inch 


corrosion allowance. 


The most severe corrosion occurred in 
the carbon steel piping between the guard 
chamber and the effluent condenser, re- 
sulting in a fire. The average life of these 

el pipes was found to be three years. 

one time, Hastelloy B welded pipe was 

eriployed, but serious weld cracking and 

poor fusion in the longitudinal seams 
| showed up. 

The concrete linings in the pretreaters 
1ave required replacement at 4-year in- 
tervals, but have satisfactorily protected 
the vessels. The Hastelloy B lining in the 
reactors has required some maintenance, 
and has corroded at an average rate of 
.002 ipy. Glassed-steel vessels are being 
considered for replacement of the re- 
actors. The seamless-steel tubes originally 
used in the effluent condensers have been 
replaced with Monel tubes, and the de- 
sign of the condensers has been changed 
to utilize Monel-faced, double-tube sheets. 
The bottom portion of the stripper feed 
tank has been subjected to severe corro- 
sion. This corrosion has been controlled 
by providing a 1% inch thick bottom lin- 
ing and by sloping the vessel for positive 
drainage to external drain pots. The 
Hastelloy B lined valves have given satis- 
factory service, but have required repairs 
every three to four years. Solid Hastelloy 
B valves are now being used for replace- 
ment. 

This experience contrasts with three 
units on the West Coast where carbon 
steel equipment was used throughout, 
with only moderate corrosion. Plant No. 
1 showed mild attack on the reactors, 
guard chamber and around the HCl 
stripper but its equipment is still in re- 
pairable condition after 15 years of op- 
eration. Plants Nos. 2 and 3 also were in- 
stalled during the war and are in even 
better condition. Plant No. 2 which has 
been in operation continuously, reported 
that the guard chamber needed relining. 
Loss of the ¥ inch corrosion allowance 
corresponds to an average metal loss of 
0089 ipy and this is the most severe cor- 
rosion, 


The HCl stripper is corroding at the 
rate of about .0016 ipy. Some replace- 
ments have been required of bubble caps 
in the bottom part of this tower. Caps 
made of pressed steel did not stand up 
well, and cast iron bubble caps are now 
being used. The vent gas scrubber sec- 
tion experienced a corrosion rate of .003 
ipy. Rates in the balance of this unit 
were negligible. Oil was used as a heat 
medium in the reactors and the porocell, 
saturated with aluminum chloride cata- 
lyst, was contained inside the tubes. No 
appreciable thinning of the tube ends 
could be noted. 

The only alloy material being used in 
this plant is Hastelloy B for piston of a 
guard chamber bottom’s reciprocating 
pump which was alternately subjected to 
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Figure 4—Effect of temperature on corrosion of 
nickel and Monel in 5 percent hydrochloric acid. 


the HCl-containing system and to the 
atmosphere which contained some mois- 
ture. Plant No. 3 came on stream in 1943 
and was down from the period 1945 to 
1954. Corrosion in this plant also has 
been negligible. 

The secret of success lies in the care- 
ful control of feed stock quality. For ex- 
ample, total dissolved water in excess of 
10 ppm was not tolerated. It usually ran 
in plant No. 3 at 1 to 3 ppm and at no 
time was free water present. Plant No. 2 
reported that their feed stock was so dry 
that no drier was required. Also, keep- 
ing the pentane concentration below .01 
percent and the olefin concentration be- 
low .005 percent was felt necessary. This 
was accomplished by acid treating of the 
feed which incidentally, also reduced the 
sulfur concentration to below 10 ppm. 
The feed was then sent to a butane split- 
ter to remove the isobutane and light 
fractions. The bottom was rerun to re- 
move pentanes. This way, essentially a 
pure n-butane feed stock was obtained. 
Formation of corrosive sludges in the 
system were for all practical purposes 
eliminated. 

Plant No. 3 is very emphatic on con- 
trol of water content. A Beckman con- 
tinuous recorder was installed there on 
the feed stream. In addition, 18 analyses 
were carried out per day for water con- 
tent on samples drawn from different lo- 
cations. 

Similar extreme precautions are taken 
when starting up the unit after shutdown 
to ensure removal of all moisture. Plant 
No. 2 circulates hot butane through the 
system until the unit is warm and dry, 
while plant No. 3 passes hot fuel gases 
until no moisture is found in the exit 
gases. After a prolonged shutdown, the 
steel is pickled to remove iron oxide scale 
before starting up. 

It is felt by the operators that these 
precautions are a necessary part in the 
efficient operation of this type of unit. 
Keeping the system dry and keeping con- 
tamination out are the controlling factors 
in minimizing corrosion, rather than ad- 
justing variables such as reactor tem- 
perature, pressure, HCI recycles, catalyst 
consumption, space velocity and conver- 
sion ratios. 


MINIMUM CORROSION FOR BUTANE ISOMERIZATION UNITS 
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Figure 5—Corrosion rates of Hastelloy alloys A and B 
in boiling hydrochloric acid (not aerated). 


TABLE 2—Corrosion of Type 1 Ni-Resist in 
Unaerated Hydrochloric Acid Solutions at 
Room Temperature 








Corrosion Rate, ipy 
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0.015 7 
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Liquid Phase Butane Isomerization 


A liquid butane is passed to the reactor, 
where it is contacted with a liquid cata- 
lyst consisting of a solution of aluminum 
chloride in antimony trichloride. An- 
hydrous HCl is added to the mixture as 
a promotor. The reactor is a vertical auto- 
clave equipped with a mixing device to 
provide intimate contacting of catalyst 
and hydrocarbon. 


Because of the corrosive nature of the 
catalysts, the reactors, vessels, pumps and 
transfer lines in catalyst service were clad 
or lined with nickel or Hastelloy B. The 
latter was preferred in piping, valves and 
pump construction. All other equipment 
was carbon steel. 


This process did not suffer deactiva- 
tion of catalyst to the same degree as the 
vapor phase process when olefins, pen- 
tanes and sulfur compounds were pres- 
ent. Catalyst activity was maintained con- 
stant through the continuous removal of 
degradation products resulting from re- 
action of impurities with the catalyst. This 
was achieved by means of the catalyst 
scrubber. The insoluble aluminum chlo- 
ride-hydrocarbon complex sludge was re- 
jected periodically from the bottom of 
the scrubber column. 


Shell Development representatives 
recommend the following maximum im- 
purity concentrations for their process: 
olefins .05 percent, pentanes 1.0 percent, 
sulfur .005 percent and water 10 ppm. 
Even though it is possible to operate 
plants with an even higher level of im- 
purity without interference with the 
effectiveness of the process, catalyst con- 
sumption and sludge formation will in- 
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Figure 6—Reactor strip lining of Hastelloy B. Note severe stress corrosion in 
stressed area next to the welds. 


The latter certainly plays a role 
in the extent of corrosion being exper- 
ienced with these units. Here also, feed- 
stock quality is a very important factor. 

Several plants which have been op- 
erating this type of unit since 1943 have 
reported that in their twice-yearly shut- 
downs extensive repairs almost always 
had to be made. The reactor and catalyst 
removal column or guard chamber were 
the chief trouble spots. 

Plant No. 1 reported about 2% to 3 
years life when using ¥ inch_nickel- 
lining in reactors. This recently was re- 
placed with 4 inch nickel-clad on steel. 
Besides a thinning of the nickel lining, 
troubles were experienced in the weld 
zones because of porosity and iron-dilu- 
tion of the nickel welds. Plant four which 
had similar problems solved this by ap- 
plying 2 inch-wide strips of nickel over 
the weld zones; another solution was the 
use of Hastelloy W welding rod. The 
present practice of heliarc welding re- 
duces iron dilution substantially and has 
largely overcome this problem. 

Lining of the reactor with Hastelloy B 
strips has been an alternate solution. This 
alloy, as pointed out before, has almost 
negligible corrosion rates in this system. 
Plant No. 1 which used Hastelloy B strip 
lining in one reactor, experienced severe 
stress corrosion in the stressed areas ad- 
jacent to the welds. Figure 6 is a photo- 
graph of a section of the failed strip lin- 
ing showing the transverse cracking at 
the points where the Hastelloy B was pre- 
formed for making the overlap joint. Fig- 
ure 7 shows the same section which was 
dye-checked from the back side. The 
cracks showed up after one year of opera- 
tions, and became progressively worse 
with time. When overlaying these areas 
in repair, new cracks formed. 

Hastelloy B work hardened very easily 


crease, 


and evide ntly was sensitive to stress 
cracking in this service. The cracks oc- 
curred first in the bottom shell in the 


hotter part of the vessel. In one instance 
the impression of hammer blow on a 
plate could be clearly distinguished dur- 
ing the first shutdown, and fine stress 
cracks noted at the periphery of the in- 
dentation. Iron dilution in the weld 
zones also “7 a problem here. 

Plant No. 1, to overcome this problem, 
used a lapjoint when the previously Has- 
telloy B-lined vessel needed relining after 
three years of operation. The strips were 
preformed with a small “break.” This 
practice eliminated corrosion in the weld 
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but stress cracking occurred in the 
forming zones. Bad undercutting at the 
weld zones was often the result. Several 
companies feel that the economical solu- 
tion lies in the use of an integral-clad 
Hastelloy B vessel, say by using Lukens- 
clad or the Horton-clad process. For the 
nozzles solid Hastelloy B is suggested. 

Severe attack also has been e xperienced 
on Hastelloy B agitators in cases where a 
lined agitator or cast vanes welded to a 
shaft were employed. Cast Hastelloy B 
seemed to have undesirable porosity; bad 
undercutting occurred where the vanes 
were welded to the stem. It has been 
suggested that use be made of solid Has- 
telloy B agitators fabricated from wrought 
material. Some stress corrosion also has 
been noted on the shaft. A Stellited agi- 
tator shaft sleeve needed replacing every 
two years. It is hoped by this company 
that Haste ‘Hoy D will pe rform better than 
Hastelloy B because of higher hardness 
and wearability. No corrosion has been 
experienced in the 30-inch manhole 
through which the agitator enters the re- 
actor. This is attributed to the use of < 
butane flush system to continuously aie 
the packing glands and keep the HCI 
away from this area. This same principle 
of butane flushing is being applied to 
purge the packing glands of pumps. 

The catalyst removal column or guard 
chamber also experienced corrosion. Five 
percent nickel-clad steel was used in the 
lower half up to between 3 and 4; solid 
nickel nozzles also were employed. Has- 
telloy B tubes were used in the internal 
reboiler which operates at 200 F and 40 
psi steam was used as heat medium. 
Porosity and iron dilution at the nickel 
welds were the chief problems; relining 
after six years was necessary. The origi- 
nal Haste ‘lloy B reboiler tubes are still in 
use and in good condition. The guard 
chamber uses carbon steel trays and cast 
iron bubble caps. Their life is estimated 
at five years by plant No. 1; the steel 
trays are being replaced with solid nickel 
trays. 

The aluminum chloride saturators were 
made of carbon steel with Monel screens. 
The screens lasted about three years. The 
original carbon steel catalyst storage ves- 
sel and antimony trichloride melter were 
still in service after 15 years. 

Plant No. 1 used cast Hastelloy B 
transfer lines in catalyst service. Replace- 
ment was required after six years not 
because of thinning of the wall but be- 
cause of leaks through the casting. Now, 
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Figure 7—Dye checking of strip lining reveals cracks that showed up after a 


year’s operation. 


wrought Hastelloy B piping is employed, 
a material which is felt to be much bet- 
ter, but which may be subject to troubles 
in the weld zones. Solid Hastelloy B 
valves are used in the catalyst system; 
carbon steel valves with Hastelloy B trim 
are used elsewhere. Carbon steel pipes 
can be used in other parts of the unit and 
a corrosion allowance is being applied. 
For safety reasons a number of tell-tale 
holes can be drilled to a depth equal to 
the metal thickness required for strength, 
leaving the corrosion allowances undrilled. 


Conclusion 

Irrespective of what process is being 
used, it seems extremely desirable to the 
authors to take all possible precautions 
to ensure that the feed is dry and con- 
tains a minimum of impurities such as 
sulfur, pentanes and olefins. Adequate 
guard chamber capacity is a must. The 
vapor-phase process shows very well how, 
when insisting on feed quality, corrosion 
can be kept at a very low and tolerable 
level. This is the first step applied in pre- 
venting corrosion problems; alloys can be 
used in this process in the critical loca- 
tions when experience indicates their ne- 
cessity. In the liquid-phase butane iso- 
merization process, of course, alloys must 
be employed in the catalyst handling 
section. Hastelloy B is outstanding and 
lasts indefinitely if parts are not stressed. 
the 


Otherwise nic kel seems more eco- 
nomical selection. In the most severe 
application (i.e., the reactors), 5 to 6 
years life can be expected when using 


Y-inch nickel clad steel or nickel-lining 
using the heliarc process to minimize iron 
dilution. 
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Corrosion of Refinery Equipment 


By Aqueous Hydrogen Sulfide* 


A Contribution to the Work of Group Committee T-8°” 
On Refining Industry Corrosion, by Roy V. Comeaux"”’ 


Introduction 
RUDE OILS are generally contami- 
nated by hydrogen sulfide, salts in- 
cluding magnesium chloride, organic 


compounds of nitrogen and sulfur of 
high molecular weight, and by acids gen- 
erally referred to as naphthe nic acids. 
This paper is concerned only with the 
corrosion problems experienced at tem- 
peratures below 400 F when handling hy- 
drocarbons which contain sufficient water 
to produce aqueous phases at metal sur- 
faces. 

Due to the presence of hydrogen sul- 
fide in the hydrocarbon and water phases 
and to the low solubility of 2-valent 
metal sulfides, sulfide scale or colloidal 
sulfides in process waters are commonly 
experienced. Detailed explanation of the 
other contaminants which influence metal 
corrosion rates is beyond the scope of 
this paper. 

This paper discusses recent develop- 
ments which encourage the use of mild 
carbon steel in light naphtha processing 
equipment under conditions which for- 
merly were considered to be the province 
of alloys. A theoretical basis for these de- 
velopments is presented. Crudes are first 
fractionated in pipe stills into fractions 
such as light crude naphtha, gas oils, and 
residuum stocks. The light naphthas are 
contaminated by the free hydrogen sul- 
fide originally present in the crude and 
by hydrochloric acid resulting from the 
hydrolysis of magnesium chloride. To 
reduce corrosion of the condensing equip- 
ment, steel piping and pumps, ammonia 
is added equivalent to the hydrochloric 
acid present. Although the corrosion 
rates of steel in the aqueous systems con- 
taining ammonium chloride, some am- 
monium bisulfide and free H,S are rela- 
tively slight compared to those obtained 
in the hydrochloric acid solutions, there 
is a steady build-up of sulfide scales 
which contribute to fouling of down- 


* A paper presented at a meeting of the South 
Central Region, National Association of Corro- 
sion Engineers, New Orleans, October 20-24, 
1958. 
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Monel and Admiralty 
overhead con- 


stream equipment. 
have been used widely in 
densing service. 


Refinery equipment expose ‘d to aqueous 
H.S corrosion is shown in Figure 1. 

Light crude naphtha is debutanized 
and then desulfurized in catalytic units 
to convert organic sulfides into hydrogen 
sulfide which can be removed by ‘distilla- 
tion. Throughout the sequence of proc- 
essing steps, corrosion and fouling prob- 
lems are minimized by application of 
ammonia, water and film forming or- 
ganic inhibitors.! 

The intermediate products from the 
pipe stills are cracked into gasoline boil- 
ing range components. The high molec- 
ular weight sulfur compounds decom- 
pose to hydrogen sulfide, and the nitro- 
gen compounds decompose to compounds 
such as cyanogen and ammonia. The 
presence of cyanides in appreciable quan- 
tities promotes hydrogen blistering of 
steel. The harmful effects of cyanides 
can be reduced by air injection,? by 
water injection and by recycling under 
the proper conditions. Because of the lat- 
ter and the small amount of water in- 
volved, injecting water soluble, filming 
inhibitors at a single point to protect 
several banks of exchangers from sulfide 
corrosion and fouling is relatively inex- 
pensive. 

Light hydrocarbons produced in distil- 
lation of crudes and cracking of interme- 
diate distillates are contaminated heavily 
with acidic components. These streams 
are economically neutralized by Girbotol 
extraction of H.S and CO,, using water 
soluble amines which can be regenerated 
by heating and the addition of sufficient 
strong base to liberate the amine from 
its salts of the strong acids (thiocyanic, 
and recycled to the ab- 
This operation is in- 


formic, acetic 
sorbers for reuse.‘*? 
cluded because it represents a 
measure from the 
while simultaneously presenting a poten- 
tially 


corrective 
corrosion standpoint 


serious problem in view of the 
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Abstract 


H2S corrosion problems at 
below 400 F in the presence of water are 
presented for a wide range of refinery 
equipment. The most commonly accepted 
solutions to the problems of corrosion and 
fouling are the use of resistant alloys 
and/or neutralization plus film-forming cor- 
rosion inhibitors. Experience at several units 
employing steel condenser tubes exposed to 
waters contaminated with H2S and other 
acids will be discussed. A theoretical study 
of the corrosion of steel in H2S solutions 
reveals that prevention of high velocity. 
low pH exposures should be an effective 
control measure. Analysis of several fail- 
ures of steel-tubed exchangers are dis- 
cussed in the light of additional improve- 
ments that may be possible in design and 
selection of materials. Preliminary tests in- 
dicate that zinc or aluminum coated steel 
tubes may be useful in this environment. 


3.4.8 


temperatures 


possibilities for concentration of corro- 
sives. The unit produces a gas stream 
containing 88 percent H.S and 12 per- 
cent CO,,. 


Corrective Measures 


At the Baytown refinery, until recently 
it was necessary to use alloys i in all water 
cooling and condensing equipment. In 
1953, however, a combination of credits 
justified the adoption of a refinery-wide 
program of treating circulating waters to 
inhibit oxygen corrosion of metals and 
calcium compound deposition on hot 
surfaces. Success with this program now 
permits the use of mild carbon steel 
unless limited by oil-side corrosion. A 
better understanding of the nature of cor- 
rosion of steel in aqueous solutions con- 
taining hydrogen sulfide will reduce the 
frequency of rejecting steel from con- 
sideration. 

Corrective measures vary according to 
specific economic factors at sites in the 
refining industry. It may be generalized, 
however, that neutralization, the use of 
alloys, partial removal of the contami- 
nants from the feed, and film-forming 
inhibitors were introduced in the order 
shown. Inhibitor costs are about 0.1 cent 
per barrel of overhead naphthas. 

Although the general level of success 
has been high, as indicated by a run 
length exceeding two years on a pipe 
still processing sour crude, equipment 
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88% H2S, 12% C02 


H20, H2S, HCN 


Figure 1—Refinery equipment exposed to aqueous H:S corrosion. Code to letters is as follows: A—air, N— 
ammonia, |—inhibitor, W—water, G—gases. 
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Figure 2—Inhibition of low temperature H2S corrosion in pipe still. Coupon exposure was from 7-24-56 

to 11-21-56. Strip No. 70 had a weight loss of 1.554 and corrosion rate of 11.68 mpy. Strip No. 57 had 

a weight loss of 0.046 grams and a corrosion rate of 0.35 mpy—a reduction of 97.2 percent in the 
corrosion rate. 


failure analyses suggest that further im- 
provements in service factor or reduc- 
tions in investment and operating costs 
are possible and worth investigating. 
These analyses focus attention on the 
necessity for controlling mineral acidity 
by neutralization, the control point de- 
pending on metals of construction,! and 
for maintaining a high service factor on 
equipment installed for corrosion protec- 
tion. In the critical overhead condens- 
ing, service failures caused by general 
corrosion are rare. Failures due to im- 
pingement, high velocity acidic washing, 
bimetallic corrosion, and high concentra- 
tions of complexing agents are common. 

Solutions should be sought in the di- 
rection of minimizing the entry of ma- 
terials which result ultimately in highly 
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localized acidic conditions and in design- 
ing the equipment so that high velocity 
shortcuts can be avoided. A review of 
exchanger design practices appears to be 
in order. As will be shown, design should 
minimize velocities to permit the develop- 
ment of concentration polarization in the 
annular space between tubes and baffles. 
Tube composition and production prac- 
tices affect service life. Continued im- 
provement, possibly through tighter speci- 
fications, are to be expected. 


Plant Results with Corrosion Inhibitors 
Results with Inhibitor in Sour 

Naphtha Lines 

The Baytown refinery crude distilla- 
tion area is 1.7 miles pipeline distance 
from the rerun area. With the advent of 
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TABLE 1—Corrosion Rates (mpy) on g 
Debutanizer Column Operated on Inhibited 
Feed for Six Months 











50-360 F | 
230 F Hot | — Cold 
Cold Feed Hot Feed | Bottoms | Product 
——————— |__| _ | 
Be. hts | 0.4-2.1 | 0.2-07 


1.2-2.7 | 





TABLE 2— Corrosion Rates of Coupons in 
Catalytic Reforming Units 





| 
| No. of Coupons 
| Showing Rates: 





| Below 5 | 5 to 10 Above 10 
mpy mpy | mpy 
Before Inhibition | 2 | 3 10 
After Inhibition | 32 Pe | 8 


desulfurization, caustic washing was dis- 
continued. In anticipation of sulfide scale 
fouling of preheat exchangers on the de- 
sulfurization unit, inhibition of the naph- 
tha lines was initiated. Effectiveness of 
one quart of inhibitor per thousand bar- 
rels was determined by extractable cou- 
pons. Representative results are presented 
on Figure 2 for a line handling sour 
naphtha about half of the time. Although 
the 11.68 mpy corrosion rate is not seri- 
ous from service life of lines, it is serious 
from the standpoint of fouling of process 
equipment. For example: at a density of 
125 pounds per cubic foot for sulfide 
scale, a corrosion rate of 1 mpy produces 
one cubic foot of scale per year per 1000 
feet of 8-inch pipe. The inhibitor-corro- 
sion product film on the downstream 
coupon before cleaning is noticeable. 


Effect of Inhibitor on Debutanizers 


After six months operation on inhibited 
feed, a debutanizer column was in- 
spected. The tower, reboiler and bottoms 
cooler contained large accumulations of 
sulfide scale. It was immediately sus- 
pected that corrosion rates had acceler- 
ated. Corrosion rates (mils per year) 
were found, using extractable coupons, 
as shown by data given in Table 1. 

The free H,S content in the hot bot- 
toms exposure is very low. Data showed 
the large amount of scale found in the 
unit was old scale removed from steel 
surfaces in the charge line and within 
the unit by the detergent action of the 
corrosion inhibitor. 


Results with Inhibitor at Hydrofining 

(Desulfurizing) Units 

Debutanized naphtha containing one 
quart of inhibitor per thousand barrels 
is desulfurized ahead of the crude naph- 
tha rerun unit. All of the exchangers, 
condensers and coolers are carbon steel. 
Hairpin tubes are employed in the ex- 
changers; this makes the cleaning process 
more difficult. The feed is heated above 
400 F on the tube side of the preheat 
circuit. Visual inspections of the tubes 
indicate that sulfide fouling is limited to 
the hottest pass of the last exchanger in 
which the tube metal temperature ex- 
ceeds 450 F. It is doubted that sulfide 
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TABLE 3—Contamination Analyses Over 
Several Months in Catalytic Light Ends 
Charged to Girbotol Unit 








Organic | Cyan- Thio- 

| Acids, ides, cyanates, 
Accumulator | %o | Ppm | ppm 
———$—_—$— $e ——————— 

Sa | 
Depen tame” | Upto0.76| 6-600 | 126-131 
»refractionator, | s 
Prefractionator: | tp to0.50| 244-1014 | 76-166 
anizer, | | 

a 2 Up to 0.62 | 740-1790 | 12- 41 


TABLE 4—Corrosion Rates (mpy) of Steel 
Equipment in the Girbotol Unit 








Control | Control 
Measures | Measures 
Exposure Suspended | Lined Out 
—_—_——_ __—<—|———— 
Lean Amine Line, ; 
“380° COE case 633 0.3-4.0 
Reactivator O.H. 
Condenser Outlet. . 181 0.4-1.2 
Condensate Reflux... 153 0.2-1.0 


corrosion above the 400 F level can be 
controlled with inhibitors of this type. 

Application of corrosion inhibitors to 
protect steel in condensing service is not 
a panacea. In two cases the desired re- 
sults were not obtained because of me- 
chanical difficulties in controlling pH at 
the condensing surfaces and because of 
apparently high velocities through the 
annular spaces between tubes and baffles. 


Results with Neutralization and 
Inhibition at Naphtha Rerun Units 
Two identical systems of two columns 
each comprise the first step in feed prep- 


aration ahead of catalytic reforming 
units. The systems remove hydrogen sul- 
fide by distillation. Inhibitor and am- 
monia are injected to overhead vapor 
streams; corrosion rates are monitored 
with extractable coupons. Results are 
generally excellent as shown by data 


given in Table 2. 

Occasional high corrosion rates with 
inhibition are attributed to pH fluctua- 
tions experienced with manual control 
and to service factor problems on inhibi- 
tor pumps. 


Results with Inhibitors in Amine 
Scrubbing Unit Handling 
Catalytic Light Ends 


The extent of the contamination of the 
catalytic light ends charged to the Gir- 
botol Unit is indicated by analyses of 
accumulator waters at random intervals 
over several months. The analyses are 
given in Table 3. 

Presence of such contaminants in the 
Girbotol Unit charge streams results in 
gross contamination of the circulating 
amine and excessive corrosion of steel 
equipment if proper precautions are not 
taken. Corrosion rates (mpy) with and 
without control measures are indicated in 
Table 4. 

Control measures, in addition to main- 
taining caustic alkalinity sufficient to 
neutralize strong acids in the feed, in- 
clude continuous injection of a water 
soluble organic corrosion inhibitor to the 
reactivator overhead vapor line and con- 
tinuous purge of a portion of the over- 
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Figure 3—Effect of pH on corrosion rate of iron in 
solution of the same HS activity. 


head condensate to discard cyanides. 
Low corrosion rates in reactivator over- 
head condenser outlet and in the con- 
densate reflux were obtained in an 
aqueous phase saturated with H,S and 
CO, under about two atmospheres of 
total pressure.* The present overhead 
condenser is stainless, but new units will 
be carbon steel. 

Reactivator reboiler vapors contain 
little or none of the high boiling inhibitor 
or amine, and caustic alkalinity carry- 
over is slight. A bypass condenser indi- 
cated these vapors containing H,S and 
CO, to be corrosive to steel (40 to 80 
mpy) but not to Type 304 (0.2 to 0.7 
mpy 


Equations Expressing Electrochemical 
Reactions in Aqueous H,S 
Corrosion of Steel 
A promising approach to an improved 
understanding of the corrosion of iron 
in aqueous solutions containing H,S was 
published by S. P. Ewing, whose data 
are summarized in Figures 3 and 4. In 
Figure 4, data developed by Stern® for 
pure iron specimens in 4 percent NaCl 
solutions are included. Figure 3 shows 
the effect of pH on corrosion rate; Fig- 
ure 4 shows the effect of pH on corrosion 
potential. Stern also developed the effect 
of pH on the cathodic polarization char- 
acteristics of pure iron; Figure 5 presents 
Stern’s cathodic polarization diagrams 
for quiescent 4 percent NaCl solutions. 
Ewing’s approach will be used in devel- 
oping equations for corrosion currents in 
terms of pH values; Stern’s results will 
be helpful in interpreting the equation. 


Anode reaction-iron dissolution: 


E, = E°,, + —> In[Fe*] (1) 
A Fe a: : Js ( 


Cathode reaction-hydrogen evolution: 


- eg ee 9 
Eo= —¢ In(H*],— <j InPa, (2) 


Where E, and Eg are the reversible 
potentials of the iron and hydrogen elec- 
trodes respectively, [Fe*+], and [H*], are 
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E vs. STANDARD HYDROGEN ELECTRODE 























iron 


Figure 4—Effect of pH on potentials of 


electrodes. 


the ion activities in the solution and at 
the electrode surfaces, Pu, is in atmos- 
pheres, - F = 0.0592 at 25 C, and n is 
the number of electrons involved in the 
half-cell reaction. 

Cell reaction and polarization: 

Iron dissolution at the anodes (oxida- 
tion) in this case is associated with hy- 
drogen evolution (reduction) at the 
cathodes. Both half-cell reactions are 
necessary to the corrosion process. The 
oxidation and reduction processes, how- 
ever, result in appreciable changes in the 
compositions of the electrolytes contact- 
ing the anodic and cathodic areas with 
the result that the iron ion activity at 
the anode surface will become much 
larger than that in the solution, and the 
hydrogen ion activity at the cathode will 
become much smaller than that in the 
solution if polarization is allowed. It be- 
comes necessary to consider three pH 
values (PHanoae> PHyotution and 
PH.athode)> three iron ion activities, etc. 

Polarization characteristics of metals 
are obtained by measuring the potentials 
at metal surfaces with respect to suitable 
reference electrodes as the current den- 
sity collected or discharged by the sur- 
face is varied. Stern’s cathodic polariza- 
tion curves (Figure 5) for pure iron in 
quiet 4 percent NaCl solutions of various 
pH values are helpful in presenting this 
subject. It should be pointed out that 
corrosion rate (mpy) is linearly related 
to current density (i.e., micro-amperes 
per square centimeter). A number of in- 
vestigators have presented evidence which 
permits a breakdown of the several 
polarization components, as shown in 
Figure 6. 

In the center of Figure 6 the corrosion 
potential, Ego;rosions and the corrosion 
current, are indicated for a 
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Figure 5—Effect of solution pH on cathodic polarization of pure iron in 
deaerated 4 percent NaCl in quescent condition. 


system having a negligible IR drop 
through the water phase. If the resistivity 
of the solution is high or the solution 
path is long, there may be an appreci- 
able IR drop in the solution resulting in 
the corrosion potential being closer to the 
reversible potential of the cathode. 

This assumes that corroding iron may 
be considered as a cathodically polarized 
hydrogen electrode with its own particu- 
lar hydrogen over voltage constants. 
Stern®:® studied the corrosion of pure 
iron and the effects of alloying elements 

copper, silicon, phosphorous, sulfur and 
manganese) on the corrosion of pure 
iron in acid solutions and deduced the 
following equation for situations in 
which cathode polarization is due solely 
to activation overpotential: 

E 


“Corrosion _ 


Log igorrosion = LOg ip — — b 
where b is the slope of the hydrogen 
overpotential line and i, is the exchange 
current in amperes cm?, a factor depend- 
ing on the composition of the metal and 
on the nature of the corrosive solution. 
Carbon, sulfur and phosphorous acceler- 
ate the corrosion of iron in acids; copper 
and manganese reduce the deleterious 
effect to some extent. 

Polarization, if permitted to occur, will 
decrease the rate of corrosion. 

From Equations (1) and (2) and from 
Figure 6, the so-called “driving voltage” 
of the cell based on solution composition, 
E~ — E,, can be equated to a number of 
terms dependent on concentration gradi- 
ents in the electrode films, ohmic voltage 
drops and a term expressing hydrogen 
overpotential: 
> eae 
“ae In [H+], —- 

eae 

-E°,, — nF In [Fe*+], (3) 


RT 


nF 


het: In Pu. 


ee en il re 
Eo —E,= —— In (Fel. inPala 
s RT 
+ igPcle + TF (pHe — pHs) 
+ b log = + igPgly (4 
in which: 


i= current density, amperes per cm’. 

p = resistivity, ohm-cm, a function of 
electrolyte concentration. 

|= thickness of film or length of 
electrolyte path, cm. 

b= slope of the hydrogen overpoten- 
tial curve, which is a function of 
metal composition and environ- 
ment. 

i, = exchange current, which is also a 
function of metal composition 
and environment. 

Subscripts A, C, and S refer to anode, 
cathode and solution values. 


Equations (3) and (4) can be reduced 
to 
RT (H*],? 
2.303 —log =. Cae 2 eae Ee — 
2F - Pu, Fet++ le Fe 


ae , : ; 
b log tae + igPaly + IpPele + ig gly J) 


It is desired to introduce the hydrogen 
sulfide variable into Equation (5). At a 
given temperature and pressure, activity 
of a dissolved substance in equilibrium 
with its solid phase is constant. In the 
case of iron sulfide: 


[Fe] + [S*]= Cy, * fgg x Cy 
= K,f=2 (6) 


where 


C 


[ | denotes activities, mols per liter 
‘ion Aenotes concentration, mols per 
liter 


0.457 
CORROSION RATE, MP Y ——————> 


4.57 45.7 457 


Figure 6—Polarization diagram 


f;,, denotes activity coefficients, which 
vary with ionic strength and_ tem- 
perature 

Kg denotes solubility product 


As an approximation, it will be as- 
sumed that the activity product and the 
solubility product are synonymous though 
it must be remembered that an increase 
in the number of dissolved ions of any 
specie will actually increase the solubility 
of iron sulfide. Therefore, 

[Fett], ° [S=], = 3.7 X 10-19 7) 

If the product becomes less than 3.7 X 
10-19 due to a drop in pH, iron sulfide 
would dissolve and the cell is described 
by Equation (5). The product cannot 
exceed 3.7 X 10-!® without precipitation. 
By resorting to the dissociation constants 
for H.S in aqueous solution (K, = 10-7; 
K, = 10-1) and Equation (7), the hy- 
drogen sulfide variable and the hydrogen 
ion activity at the anode are introduced 


into Equation (5). 


_ 10-21 [HS], 


Co 


(S-], = —_>=: -_* | 
[S JA PEt]? " 
rent, = SEX 10M + THE, ig 
~ 4°" TO X 10-21 * [HLS], 7 
RT [H*}2, * [H,S] 
2.303. log rE, 
, 2F log Pu, * 370/H*)*, 


lo 
— E°,, = b log - 


HisPala +ipPele + ighgls (10) 


Equation (10) applies only when con- 
ditions produce an iron sulfide film at 
the anodic area. Ewing discussed the im- 
portance of maintaining a high sulfide 
ion-to-iron ion ratio to assure precipita- 
tion at the metal surface and the preser- 
vation of a protective film of iron sulfide. 
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Sulfide ion activity is extremely sensitive 
to pH fluctuations, and the ratios are 
even more sensitive. Figure 7 presents the 
ratios for iron, zinc and copper sulfides. 
In the absence of iron sulfide precipita- 
tion at the anodic surface, Equation (5) 
would apply. When the latter prevails, 
the ratio of iron ions to sulfide ions is 
high and precipitation occurs in the solu- 
tion. In systems where solution pH 
changes, the difference in pH, — pH, 
will not be constant and corrosion rates 
will vary. It is not surprising that laminar 
non-protective sulfide scales are en- 
countered. 
Equation (10 
better appreciation of the factors that 


can be simplified for a 


must be controlled to minimize corrosion 
of steel in aqueous H,S exposure. 


At 25 C, Equation (10) becomes 


b log isPaly iPolo ig Pel 


oO 


l 


0.364 - 0.0592 (pH. - pH,) + 
(0.0296 log [H.S],4 - 0.0296 log Pu, 11 


At the particular conditions of H,S 
saturation at one atmosphere total pres- 


sure, [HS], is approximately 0.1 mol 
per liter and Pu, is 1.0. The last term 
drops out and the next last is about 


—0,0296. The equation further simplifies 
to 
- ipPolo + igPgls 


le : 
b log : igPal, 


0 


0.334 - 0.0592 (pH. - pH, 12 


From Equation (12), it is readily seen 
that the larger the difference in (pHe¢- 
pH,), the smaller will be the corrosion 
currents. The difference will be largest 
when conditions permit concentration 
polarization at both the anodes and 
cathodes. Concentration polarization can- 
not be obtained without finite values of 
1, and |,, such that larger values of 1, 
and |, result in smaller values of i, and 
ic. Resistivities in many cases can be in- 
creased by using steam condensate as 
dilution water. Methods of controlling b 
and i, are not so apparent; Stern®:® has 
done outstanding work in this field. It is 
also readily seen that for the corrosion 
currents to approach zero, (pH. - pH, 
must approach 5.6, the horizontal separa- 
tion in pH units between the hydrogen 
and iron electrode lines on Figure 4. In 
severely acid conditions (below 4 pH) 
and under conditions of high velocity, 
this pH difference can be approached 
only at excessively high corrosion rates. 

It may be concluded that successful 
use of steel in aqueous, H.S-contaminated 
systems depends on adequate pH levels 
and control and on design conditions for 
the various items of equipment which 
will allow concentration polarization to 
occur and inhibitor films to be effective. 
As an alternate to more exacting pH 
control, the use of coated steel tubes in 
condensing service is being explored. 

With respect to design conditions, it 
can be deduced from the data in Figure 
5 that a film at least 10-4 centimeters 
thick (one micron) and possibly 10°? cm 
thick (10 microns) must be permitted to 
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Figure 7—Comparison of pH values above which sulfide ion activity exceeds metal ion activity. 


assure concentration polarization of the 
cathodes. From a control standpoint, pH 
must be maintained high enough so this 
polarization will occur at a low corrosion 
rate. 

Current density, microamperes — per 
cm*, can be expressed in terms of the 
number of hydrogen ions reduced at the 
cathode per second per cm?. (1 # Amp, 
cm? 6.24 10!2 H+/sec.-cm?). At 
any given pH, the thickness of a column 
1 cm? containing this number of hydro- 
gen ions or a multiple thereof can be 
calculated. 


Exploratory Tests Based on Theory 


The usefulness of steel tubes in H,S 
contaminated systems requires that pH 
values be substantially neutral or that 
inhibitors be employed and pH main- 
tained above about 6.5. A similar consid- 
eration of solubility product values for 
zinc sulfide indicates a pH of 5.0 would 
be permissible. A laboratory test of zinc 
metal in 1000 ppm NH,CI saturated 
with H.S by bubbling at a pH of 4.0 
produced a corrosion rate of 0.2 mpy. 
The specimen was covered with an even, 
finely divided film of white zinc sulfide. 
In concentrated ammonium hydrosulfide, 
however, galvanized steel corrodes with 
vigorous hydrogen evolution due to zinc- 
ammonia complex formation until all of 
the coating dissolves. The concentrations 
of complexing agents which can be toler- 
ated have not been estimated. 

Aluminum coated specimens resisted 
this corrosive, with corrosion rates of less 
than 1 mpy, with some evidence of lo- 
calized attack where iron sulfide de- 
posited on the aluminum coating. 


Use of zinc coated steel has a decided 
advantage in view of its high hydrogen 
overvoltage compared to bare steel. Gal- 
vanized coupons have been obtained for 
testing in process equipment. 


Conclusions 


An improved understanding of the 
measures that should be taken to mini- 
mize corrosion of steel surfaces exposed 
to water solutions containing hydrogen 
sulfide and other contaminants results 
from a study of corrosion reaction elec- 
trochemistry. An expression can be de- 
veloped which easily demonstrates the 
beneficial results of certain design and 
operating practices which are controlla- 
ble. Plant experience has demonstrated 
that additional attention should be di- 
rected to condenser design to 
effective concentration polarization at 
metal surfaces. Exploratory tests indicate 
that galvanized steel might be useful in 
H.S contaminated water containing minor 
amounts of complexing agents. 


assure 
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Some Experiments on Internal Oxidation 


Of Nickel Chromium Alloys* 


ICKEL-CHROMIUM alloys some- 

times undergo an internal type of 
oxidation in service. The chromium is 
oxidized at depth, and the remaining 
metal is strongly magnetic. The alloy be- 
comes brittle and can be broken easily, 
showing a dark green fracture. After 
polishing, however, it looks bright and 
metallic. Micro-examination shows sub- 
surface oxidation with oxides at the grain 
boundaries and within the grains. The 
attack may be uniform or it may occur 
locally in the form of blisters. The sur- 
face swells and cracks. This type of at- 
tack is observed in atmospheres which 
may be characterized as marginally oxi- 
dizing, that is, as oxidizing to chromium 
and reducing to nickel. The attack is ob- 
served usually in the temperature range 
from 1500 to 1800 F, but this may not 
be significant because attack has been 
observed at temperature as low as 1200 
F and as high as 2100 F. The rate of 
attack varies considerably and may range 
from 0.04 to 0.7 ipy over extended 
service periods. 

This internal oxidation has been diffi- 
cult to reproduce for study in the labora- 
tory. Bucknall and Price’ reproduced the 
attack in a marginal atmosphere by peri- 
odic injection of an oil which caused 
carburization. They regarded all attack 
of this type as being preceded by carbu- 
rization, and oxygen as diffusing inwards 
through the chromium depleted matrix 
and preferentially oxidizing the carbides. 
This explanation does not seem correct 
because severely carburized alloys do not 
oxidize at high rates.?.? Bucknall and 
Price noted that iron and silicon in the 
alloy were helpful, and suggested that 
these two materials scavenged oxygen 
from the surface layers, thus reducing the 
oxygen diffusion rates. 

Dovey and Jenkins* concluded that a 
silica-rich film probably formed a barrier 
to carbon diffusion and that the silica 
may seal rifts in the normal oxide scale 
through which carbon would otherwise 
diffuse. The beneficial effect of iron was 
attributed to its greater solubility for car- 
bon. 

Some observed failures seemingly were 
not accompanied by carburization. ASTM 
Committee B-4, Sub-IX, developed a 
test procedure.® However, there has been 
little success in producing severe attack 
of high chromium alloys using this test 
procedure.® 


*% Submitted for publication December 23, 1957. 
A paper presented at a meeting of the 14th 
Annual Conference, National Association of 
Corrosion Engineers, San Francisco, March 17- 
21, 1958. 


194t 


By H. R. COPSON and F. S$. LANG 


Lang Copson 


FRANCES S. LANG—With International 
Nickel Co., Inc., since 1951, she has a PhD 
in physical chemistry, New York University, 
1952. She is research chemist, Corrosion Sec- 
tion, Research Laboratory, Bayonne, N. J. 


HARRY R, COPSON—Head of the Corrosion 


Section, Research Laboratory, The Inter- 
national Nickel Co., Inc., Bayonne, N. J. he 
has been active in engineering associations 
for many years in organizing and managing 
corrosion control work. He is a member of 
many technical committees, has authored 
numerous papers and has a PhD from Yale 
University, 1932. 





Spooner, Thomas and Tomassen®:? 
considered carburization irrelevant and 
described the basic reaction as internal 


oxidation at oxygen pressures low enough 
to leave the nickel intact and to oxidize 
the chromium. They observed rapid de- 
terioration of 90-10 nickel chromium 
alloys at the bottom of long narrow 
thermo-couple tubes where the air was 
depleted and have reproduced the at- 
tack by placing 90-10 nickel chromium 
and nickel oxide in a vacuum and heat- 
ing to 1820 F. The difficulty here is that 
similar attack seems not to have been 
produced on higher chromium 
such as 80-20. 

Also, oxidation resistance of nickel- 
chromium alloys has been reported 
increased by exposure to marginally oxi- 
dizing conditions which promote the for- 
mation of chromic oxide.® 


alloys 


The nature of the protective oxide 
coating on the surface of the metal is 
important. Normally a protective oxide 
forms on high chromium alloys, but, 
when internal oxidation occurs, this pro- 
tection apparently breaks down. Un- 
doubtedly an important consideration is 
the relative diffusion of chromium and 
oxygen (and carbon and sulfur) within 
the alloy. 
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Abstract 
A rare but deep internal oxidation of 
nickel-chromium alloys sometimes occurs 
in service. On some occasions oxidation is 
accompanied by deeper carburization or 
sulfidation, but in other cases these features 
seem absent. Laboratory tests showed that, 
with less than 9 percent chromium, ex- 
posure to air produced a thick external 
oxide under which there was some internal 
oxidation. With more chromium, however, 
attack in air was at a low rate. Several 
unsuccessful attempts to produce internal 
attack in high chromium alloys are de- 
scribed briefly. Exposure to carbon mon- 
oxide at 1750 F was found to cause rapid 
simultaneous carburization and internal ox- 
idation of some nickel-chromium alloys. 
The addition of iron and silicon to the 


alloys slowed the attack. The addition of 2 


percent columbium or 2 percent titanium 


prevented the attack completely. Some com- 
ments are made about mechanism. 6.3.1 


A Typical Example 

A typical example of this internal oxi- 
dation illustrated in Figure 1 shows the 
appearance after two years in a con- 
trolled atmosphere furnace of some 80-20 
nickel-chromium hanger hooks used _ to 
support the heating elements. The fur- 
nace operated at 1650 to 1700 F with an 
atmosphere made by burning one _ part 
natural gas with seven and one-half parts 
of air. The attack occurred where the 
hooks passed through slots in the brick 
roof, indicating that more air than pres- 
ent in the furnace was needed to support 
the attack. 

As can be seen in the figure, the attack 
was uneven. Unattacked areas retained 
their initial diameter and had a thin 
dark oxide coating. The attacked areas 
had increased in diameter and were a 
dull matte color. Where the growth was 
pronounced the oxide was cracked. All 
the fractured surfaces were a dark green- 
ish color. The attacked areas were 
strongly magnetic. 

Figure 2 shows a cross section through 
the hooks. In the attacked areas there 
was oxide at the grain boundaries and 
within the grains. Varying considerably 
from place to place, depth of penetra- 
tion at any one place was uniform. This 
seems typical of sub-scale oxidation con- 
trolled by the inward penetration of oxy- 
gen. The attack was no deeper under 
the large cracks shown in Figure 1 than 
elsewhere. This indicates that the oxide 
formed was not much of a barrier to 
further oxidation. The metallic core in 
Figure 2 contains carbides, which were 
more massive than in the unattacked 
metal. Hence there was an accumulation 
of carbon ahead of the internal oxidation. 

Results of chemical analyses made on 
different portions of the hooks are given 
in Table 1. The composition of the un- 
affected metal was typical of 80-20 nickel- 
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Figure 1—Local attack on some 80-20 nickel- 


chromium hanger hooks after 2 years exposure in a 


controlled atmospheric furnace. 





Figure 2—Cross section of nickel-chromium hanger 
hooks exposed 2 years in a controlled atmosphere 
furnace. Internal oxidation is shown at the top and 
carburization of the core of the hooks at the bottom. 


Unetched, 100X. 





Figure 3—Cross section showing internal oxidation in 

an alloy containing 6 percent chromium and 94 per- 

cent nickel after 4 days in air at 1900 F. Unetched, 
250X. 


chromium heat resisting alloys, the 
balance unaccounted for in the table 
probably being mostly iron and manga- 
nese. The metallic core under the attacked 
areas was enriched in carbon although 
the 0.28 percent carbon present does not 
indicate severe carburization. If all the 
0.07 percent carbon in a %-inch diame- 
ter rod were forced into a ¥%-inch diame- 


SOME EXPERIMENTS ON INTERNAL OXIDATION OF NICKEL CHROMIUM ALLOYS 


TABLE 1—Chemical Analyses of Hanger 
Hooks Shown in Figures 1 and 2 


| Metallic | 
Core | Zone of 
| Under Internal 
Unaffected; Attacked | Oxidation, 
Metal, % | Areas, % | J 
Nickel. . 78.09 76.93 70.00 
Chromium. 18.86 19.11 16.11 
Silicon ae 1.12 4.33 1.08 
Carbon ..... 0.07 0.28 


ter core, the carbon level would rise to 
0.28 percent. The zone of internal oxida- 
tion, of course, contained oxygen. If all 
the chromium, iron, silicon and manga- 
nese are calculated as oxide, the total is 
still not 100 percent. About 7 percent of 
nickel has to be present as oxide also. On 
this basis some 63 percent of metallic 
nickel remained mixed with the oxides. 


Examples of Internal Oxidation 

The authors’ laboratory has examined 
about 30 instances of rapid internal oxi- 
dation of nickel-chromium alloys during 
the past 15 years. Many of these 
involved carburization or sulfidation. 
Instances of internal oxidation ap- 
parently free of contaminating influences 
have also occurred. Curiously, in many 
installations where the conditions seemed 
identical with those where internal oxida- 
tion occurred, nickel-chromium alloys 
have withstood the attack. The at- 
tack that did occur in some instances 
needs explanation. In some cases an alloy 
more resistant to this type of attack could 
be substituted, but often there were good 
reasons for preferring a high nickel alloy. 


Carburization and Oxidation 

An instance of internal oxidation which 
was associated with carburization oc- 
curred in some 80-20 nickel-chromium 
heating elements which were used in a 
controlled atmosphere furnace (40 per- 
cent carbon dioxide, 11 percent carbon 
monoxide, 16 percent hydrogen, balance 
nitrogen) which operated at 2050 F. 
There was practically no attack on the 
heating ribbons at distances more than 
six feet from the furnace entrance. Here 
the dimensions of the ribbon were 1.5 
by 0.09 inch in cross section. 

Near the furnace entrance there was 
severe attack. Here the minimum thick- 
ness of the ribbon after six months of 
service had increased to 0.12 inch, and 
there remained only a small amount of 
the original metal. At the edges where 
there was no metallic core remaining, the 


Figure 4—Holder for rod specimens. 





oxide had split and curled outwards. The 
split was in the middle of both edges and 
about 4-inch deep. The curling opened 
the mouth of the split a distance of about 
0.1 inch. There were other cracks in the 
oxide elsewhere on the surface. These 
observations again indicate that the oxi- 
dation was occurring at the scale-metal 
interface and that extra air entering 
through the furnace door helped acceler- 
ate the attack. 

Micro-examination of a cross section 
showed internal oxidation at the grain 
boundaries and within the grains. Car- 
burization was present underneath the 
oxide. The degree of carburization paral- 
leled the amount of oxidation, both de- 
creasing with distance from the furnace 
entrance. Evidently the work was carry- 
ing some oil or carburizing material into 
the furnace. Because of the small amount 
of metallic core remaining in the most 
severely attacked areas, a quantitative 
analysis showing the maximum carburi- 
zation could not be obtained, but it was 
quite severe. 

In addition to 80-20 nickel-chromium 
heating elements, other instances of in- 
ternal oxidation associated with carburi- 
zation have been examined in the labora- 
tory. One group of these involved Inconel 
carburizing boxes. Although carburization 
had sometimes proceeded all the way 
through the wall thickness, internal oxi- 
dation was confined to the inside. There 
was never more than superficial oxida- 
tion of the carbides on the outside. 

Another group of these boxes involved 
Inconel thermocouple tubes inserted into 
furnaces containing carburizing gases 
where the internal oxidation was confined 
to the outside of the tubes on the portion 
within the refractory wall. These condi- 
tions were similar to those of the hanger 
hooks already described although the car- 
burization was more pronounced. 

In some of these cases the carbides 
appear to be attacked directly and con- 
verted to oxides; at least the two sub- 
stances appear in contact. In other cases 
there is what might be called a decarbu- 
rized zone between the carbides and 
oxides. 

Some cases of internal oxidation have 
occurred in marginally oxidizing gases 
which contained carburizing constituents 
but where no carburization of the Inconel 
was detected. These results may indicate 
that under proper conditions a_ small 
amount of carburization may trigger in- 
ternal oxidation. In other cases the car- 
burization was so extensive that analyses 
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Figure 5—Cross section showing internal oxidation in 

an alloy containing 8 percent chromium and $2 per- 

cent nickel after 8 days in air at 1750 F. Unetched, 
250X. 
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Figure 6—Cross section showing internal oxidation in 

an alloy containing 14 percent chromium and 86 

percent nickel after 1 dav in dry corhon monoxide at 
1750 F. Unetched, 100X. 


TABLE 2—Results of 4 Day Tests in Air At 1900 F* 


Thickness of Oxide Layers, Mils 


MATERIAL 








Zone of 





ASSOCIATION OF CORROSION ENGINEERS 


_ Gain in Continuous Internal Magnetic Response 

Ni % Cr % Wt., Mdd Outer Scale Oxidation at End of Test» 
100 0 570 5 0 Magnetic 

97 3 870 5 3 Magnetic 

94 6 690 10 3 Magnetic 

91 9 310 68 38 Magnetic 

9] 9 56 74 58 Weakly-magneti 

88 12 ; Thin Nil Non-magnetic 

85 15 24 Thin Nil Non-magnetic 

82 Is 20 Thin Nil Non-magnetic 


* Specimens 0.375 x 1 x 0.03 inch in size. 
@ Spotty or irregular attack 


b Alloys containing 6 percent or more of chromium were non-magnetic before exposure. 


showed the presence of more than one 
percent carbon. 


Sulfidation and Oxidation 


An instance of internal oxidation asso- 
ciated with sulfidation occurred in some 
Inconel strip used to convey steel through 
an annealing furnace at 1800 F. The 
furnace gas averaged 8.6 percent carbon 
dioxide, 14 percent carbon monoxide, 
10.5 percent hydrogen and the balance 
nitrogen. After three months of operation, 
attack was severe in some localized areas. 

Micro-examination showed the typical 
internal oxidation had occurred and that 
the oxidized layer was underlain by a 
zone of sulfidation. Oil from the work 
probably caused the local sulfidation, and 
this led to the internal oxidation. 

Several similar have been ob- 
served. This type of attack was rapid in 
some conveyer rods and bolts where they 
passed through openings in the furnace 
cover. The parallelism with internal oxi- 
dation associated with carburization is 
striking. The remedy is to eliminate the 
source of the sulfur contamination. 


cases 


Internal Oxidation Without 
Contaminating Influences 
The most puzzling instances of internal 
oxidation occur where there are no obvi- 
ous contaminating influences. An instance 
of this occurred in an Inconel retort for 
making dissociated ammonia. The retort 
was heated electrically to 1750 to 1800 F. 
After one year of service, internal oxida- 
tion on the outside of the retort had al- 
most penetrated the 4-inch wall. 
The retort’s outer surface was magnetic 
and brittle. A few hammer blows would 
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fracture the specimens, with the frac- 
tured surfaces having a typical dark green 
color. On a cut edge, the oxidized zone 
still appeared metallic. 

Micro-examination showed uniform in- 
ternal oxidation from the _ electrically 
heated side to a depth of 50 to 75 per- 
cent of the wall thickness with some 
fingers of oxidation extending deeper. On 
the ammonia side there was an altered 
layer about 0.010 to 0.015 inch deep 
which probably had been nitrided. In 
between these two zones of attack the 
Inconel appeared normal. No evidence of 
any carburization, sulfidation or other 
contamination was found. 


In this and similar failures, weld metal 
resisted internal oxidation. The weld 
metal differed from the wrought Inconel 
in composition by containing some co- 
lumbium. 


Other instances of internal oxidation 
have occurred on one side of an Inconel 
component where the other side was ex- 
posed to gas containing hydrogen. In ad- 
dition to attack on the outside of Inconel 
equipment containing dissociated ammo- 
nia, subscale formation has occurred on 
the inside of Inconel thermocouple tubes 
exposed to marginally oxidizing gases 
containing hydrogen on the outside. Pre- 
sumably there was nothing but air (or 
oxygen depleted air) on the inside of 
these tubes. Sometimes there was carbu- 
rization on the outside of the tubes, but 
often this was shallow and remote from 
the internal oxidation. In one of these 
tubes internal oxidation was quite deep 
at the mid portions but non-existent at 
the closed end, indicating that real oxy- 
gen starvation stops the attack. 


Figure 7—Cross section showing internal oxidation in 

an alloy containing 14 percent chromium and 8 

percent nickel after 4 davs in drv carbon monoxide 
at 1750 F. Unetched, 100X. 





Figure 8—Cross section showing internal oxidation in 

an alloy containing 14 percent chromium and 86 

percent nickel after 8 days in dry carbon monoxide 
at 1750 F. Unetched, 100X. 


Laboratory Attempts to Produce 
Internal Oxidation 

Several attempts were made to repro- 
duce internal oxidation in the laboratory. 
These can be divided into four groups 
involving exposure to wet hydrogen 
(which was marginally oxidizing), to 
carburizing gases, to air and to carbon 
monoxide. 

The tests in wet hydrogen were un- 
successful. These included steady expo- 
sure of Inconel to wet hydrogen for four 
days at 1400, 1600, 1800 and 2000 F and 
for 28 days at 1800 F. The moisture con- 
tent of the hydrogen had no great effect 
nor did prior oxidation in air. Cyclic ex- 
posure to air and to wet hydrogen was 
tried without much luck although there 
were occasional small areas of incipient 
attack. 

Cyclic exposure to carburizing condi- 
tions and to wet hydrogen likewise was 
unsuccessful. In some separate tests, In- 
conel was so severely carburized that it 
became magnetic, and portions were then 
exposed for four days to wet hydrogen 
at 1750 F and for four days to air at 
1800 F without rapid attack. The tests in 
air and in carbon monoxide, however, 
did produce some significant results. 
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Figure 9—Cross section of alloy containing 14 percent 

chromium, 6 percent Iron, 5 percent copper and bal- 

ance nickel after 8 days in dry carbon monoxide at 

1750 F. Carburization and oxidation are shown. Etched 
with electrolytic oxalic acid, 250X. 





Figure 10—Cross section of ie | containing 16 per- 


cent chromium, 7 percent iron, 2 percent columbium 

and balance nickel after 8 days in dry carbon mon- 

oxide at 1750 F showing negligible attack, Etched 
with electrolytic oxalic acid, 100X. 


Experiments on Oxidation of Nickel- 
Chromium Alloys in Air 


In the first series of tests in air, the 
nickel-chromium ailoys listed in Table 2 
were exposed for four days at 1900 F. 
The test specimens were 0.375 by 1 by 
0.03 inch in size and were laid four at a 
time in a quartz tube inserted in a tubu- 
lar electric furnace. Air passed 
through the quartz tube. 


was 


The weight gains in Table 2 showed 
the expected behavior. According to the 
literature, the addition of chromium to 
nickel does not improve the resistance 
to oxidation until 8 to 10 percent is 
present.*:'® Thick black oxide scales 
formed on alloys containing up to about 
9 percent chromium. With more chro- 
mium, the character of the scale changed; 
it became thin, grey colored and protec- 
tive with low weight gains. The change 
occurred at about 9 percent chromium 
with this composition showing erratic be- 
havior. 

Micro-examination disclosed that in- 
ternal oxidation had taken place in the 
alloys containing up to 9 percent chro- 
mium. Figure 3 illustrates the behavior of 
alloys containing 3, 6 and 9 percent chro- 
mium. In the figure, the thick external 
scales had spalled away. The internal 
oxidation of the 9 percent chromium 
alloy occurred only under the areas 
coated with thick oxide. There was no 
internal oxidation of this alloy under 
coated with the thin protective 
oxide. The thick external oxides had two 
zones: a coarsely-crystalline, columnar 
outer zone and a fine, apparently granu- 


areas 


Figure 11—Cross section of alloy containing 8 percent 
chromium and balance nickel after 8 days in wet 
carbon monoxide at 1750 F. Unetched, 100X. 


TABLE 3—Results of 8 Day Tests at 1750 F’ 


COMPOSITION OF SPECIMENS 


Ni % Cr & Fe % Other % 
96 4 

92 f 

86 14 

80 20 

80 14 6 

66 14 20 

46 14 40 

60 20 20 

Bal 14 6 5.0 Cu 
Bal. 14 6 3.5 Mo 
Bal. 14 6 2.0 Si 
Bal. 15.8 6.9 2.0 Cb 
Bal. 15.3 6.4 2.3 Tiand 0.7 Al 


Figure 12—Cross section of alloy containing 20 per- 
cent chromium and balance nickel after 8 — in 
wet carbon monoxide at 1750 F. Unetched, 100X. 


Max. Penetration of 
Oxide from Surface 


Gain in Wt., Mdd in Mil 

In In 
Wet Wet 
In Air InCO co- In Air InCO co: 
52 210 100 2.2 13 41 
43 190 160 2.4 7 37 
3 460 340 <1 25 20 
] 300 470 <1 243 32 
2 220 130 <1 9 6 
2 210 220 <1 9 12 
5 50 10 <i 148 1 
5 40 40 <1 2 23 
5 440 200 <1 10 9 
5 130 10 <i 5 53 
2 30 20 <1 53 23 
5 10 3 <1 0 0 
8 20 15 <1 2 1 


| 
} 
| 


1 Specimens 0.1 inch in diameter and 1.25 inches long. 


23 percent H20. 
3 Some spotty or irregular attack. 


lar inner zone. The dividing line was at 
the position of the original surface. The 
thick scales undoubtedly were essentially 
nickel oxide with some chromic oxide 
dissolved in the lattice. The oxide at the 
scale-metal interface supplied enough 
oxygen to support the internal oxidation. 
Micro-examination of the alloys high in 
chromium showed negligible sub-surface 
attack. 

The second series of tests in air were 
conducted on a larger number of alloys. 
To get all these in the constant tempera- 
ture zone of the furnace at the same 
time, the holder shown in Figure 4 was 
constructed. The specimens were rods 
1.25 inches long and 0.1 inch in diame- 
ter. The spacers were held against the 
central shaft of the holder by set screws. 
Holes were drilled through the spacers 
parallel to the shaft to allow free pass- 
age of gases through the holder. 

The alloys in this test are listed in 
Table 3. One contained 4 to 20 
percent chromium. Another con- 
tained 14 percent chromium with a wide 
range of iron contents. Several alloys cor- 
responded to Inconel except that sub- 
stantial amounts of copper, molybdenum, 
silicon, columbium or titanium had been 
added. 

The results after eight days of exposure 
at 1750 F are included in Table 3. At 
this temperature the oxidation was less 
than at 1900 F but showed the same 
characteristics. Alloys with 4 to 8 percent 
chromium had comparatively high weight 


series 


series 


gains, and micro-examination showed in- 
ternal oxidation. This is illustrated in 
Figure 5 where the external oxide is still 
in position. Alloys high in chromium 
showed negligible attack. 


Experiments in Dry Carbon Monoxide 


The Research Laboratory of the Mond 
Nickel Company at Birmingham, Eng- 
land, found that internal oxidation could 
be produced in some _nickel-chromium 
alloys by exposure to carbon monoxide."! 
The alloys in Table 3 were exposed to 
carbon monoxide, taken directly from 
commercial cylinders of this gas for 1, 4, 
8 and 16 days at 1750 F. The holder 
shown in Figure 4 was used, and the car- 
bon monoxide was passed through the 
quartz tube of the furnace at the rate of 
150 cc per minute and burned as it left 
the furnace. This was essentially the pro- 
cedure used by the Mond Nickel Com- 
pany.!! 

Severe carburization and internal oxi- 
dation occurred in some of the alloys. 
Generally, the attack increased with time 
although there were some irregularities. 
The results at eight days are representa- 
tive and are included in Table 3. The 
weight gains in the table give a rough 
indication of the relative severity of the 
attack. When severe attack occurred, 
there was some increase in diameter of 
the rods although this was only a few 
mils at the most. 

Figures 6, 7, and 8 show the progres- 
sion of the attack in the alloy containing 
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14 percent chromium, balance nickel. 
Severe internal oxidation developed, and 
there was carburization ahead of this. 
The alloy with 20 percent chromium, 
balance nickel, behaved similarly. With 
chromium (4 and 8 percent) the 
internal oxidation was not as deep, the 
oxides were not as massive and no carbu- 
rization was detected ahead of the in- 
ternal oxidation. However, the internal 
oxidation in these alloys was deeper in 
the tests in carbon monoxide than in air. 

The addition of 6 percent iron to the 
alloy containing 14 percent chromium, 
balance nickel, decreased the internal 
oxidation. The effect of more iron was 
rather uncertain, the results being erratic. 
The alloy containing 20 percent chro- 
mium and 20 percent iron was resistant 
to attack. The addition of copper or of 
molybdenum to the 6 percent iron, 14 
percent chromium alloy did not have 
much effect. Figure 9 shows a cross sec- 
tion of the alloy containing copper, 
etched to bring out the carburization 
ahead of the oxidation. Magnification is 
higher than in Figures 6, 7 and 8. 

The presence of 2 percent silicon 
helped to decrease both carburization 
and oxidation. The addition of the car- 
bide stabilizers, columbium and titanium 
practically stopped all attack. This is 
illustrated in Figure 10 for the alloy con- 
taining 2 percent columbium. No car- 
burization was detected in this alloy. The 
effect of columbium in stopping this kind 
of attack has been patented.!* 


less 


Experiment in Wet Carbon Monoxide 

An experiment was made in which the 
carbon monoxide was saturated with 
water at room temperature before it 
entered the furnace. The carbon monox- 
ide contained an estimated 3 percent 
water vapor. Otherwise the test condi- 
tions were the same as before. The results 
after eight days at 1750 F are included 
in Table 3. 

One effect of the moisture was to in- 
crease the depth of internal oxidation in 
the low chromium alloys. Possibly the 
moisture catalyzed or increased the car- 
burization although as before no carburi- 
zation was detected in those low chro- 
mium alloys. Figure 11 shows the attack 
in the case of the alloy containing 8 


percent chromium. The preference of the 
attack for the grain boundaries is to be 
noted. 

The alloy containing 20 percent chro- 
mium, balance nickel, showed the most 
severe internal oxidation produced in any 
of these tests. The attack is shown in 
Figure 12. There was considerable in- 
crease in diameter with the result that 
cracks developed as shown in the figure. 

The behavior of the other materials 
in this test was the same as in dry car- 
bon monoxide. 


Discussion 

Laboratory tests showed that in oxidiz- 
ing environments some internal oxidation 
of low-chromium nickel alloys is to be 
expected. With high-chromium _ nickel 
alloys, however, a thin protective external 
scale forms, and there seems to be no 
internal oxidation unless some compli- 
cating factors come into play. 

Rapid internal oxidation of high- 
chromium alloys was produced by simul- 
taneous exposure to carburizing and 
oxidizing conditions. The formation of 
carbides produces chromium depletion in 
the surrounding matrix, but at the high 
temperatures involved, recovery by chro- 
mium diffusion would be fairly rapid so 
that severe attack requires practically 
simultaneous carburization and oxidation. 
Evidently the carburization need not be 
severe because in some cases none 
detected, the important consideration 
being chromium depletion. 

In this respect, internal oxidation is 
analogous to intergranular corrosion of 
stainless steels in aqueous solutions. The 
analogy is made stronger by the beneficial 
effect observed for additions of colum- 
bium and titanium although here, of 
course, the action is confined to the 
surface. 

Oxidizing conditions normally 
protective oxide coatings on high chro- 
mium alloys so that it may be difficult 
for internal oxidation to start. Once in- 
ternal oxidation is well under way, how- 
ever, the volume increase and _ swelling 
would prevent the formation of a protec- 
tive external scale in marginal atmos- 
pheres. The laboratory tests have indi- 
cated that the addition of such elements 
as columbium and titanium, which form 
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Any discussion of this article not published above 


will appear in the December, 1959 issue 


form — 
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carbides more stable than chromium car. 
bide, is an effective means of preventing 
this type of internal oxidation. 


Pure carbon monoxide at high tem. 
perature is not often encountered com- 
mercially, but it is often a constituent in 
controlled atmospheres in furnaces. Obyi- 
ously more work is required to define 
the ranges of gas mixtures which can be 
considered safe or dangerous. The effect 
of temperature on the rate of attack 
should be determined. 

Examination of specimens removed 
from service indicates that carburization 
is not the only cause of internal oxida- 
tion in high-chromium nickel alloys, 
More research is required to find all the 
conditions which may cause this attack. 
Fortunately, internal oxidation of nickel- 
chromium alloys has been comparatively 
rare under actual operating conditions, 
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identification of Corrosion Products 
On Copper and Copper Alloys 


A Report of NACE Technical Unit Committee 
T-3B on Corrosion Products* 


Introduction 

HE MAJORITY of copper alloys 

submitted for examination of corro- 
sion products will have been exposed 
to some type of outdoor atmosphere, 
fresh water, or sea water. Normally, the 
corrosion products are thin, tightly ad- 
herent layers. Usually, the following con- 
stituents are determined either qualita- 
tively or quantitatively: 


Oxides Magnesium 

Chlorides Sodium 

Sulfates Ammonia and_= also 
Sulfides the metal constituents 
Carbonates of the material being 
Silica examined. 

Calcium 

Silica, carbonates, sulfates, chlorides, 


and salts of calcium, magnesium, and 
iron are generally found on any object 
exposed to any type of natural atmos- 
phere or water. 

In the atmosphere, a layer of cuprous 
oxide usually will be found next to the 
metal with mostly basic copper sulfate 
in the top layer of corrosion products. 
Occasionally, basic copper carbonate and 
cupric oxide, in small amounts, will also 
be found. In industrial atmospheres, sul- 
fides may be present. In marine atmos- 
pheres, basic copper chloride may be 
mixed with the basic sulfate. 

In fresh water, cuprous oxide is found 
next to the metal surface, particularly 
in pits. Basic copper carbonate is often 
a constituent of this corrosion product. 
Cupric oxide may be found on metals 
exposed to hot water. 

In sea water, cuprous oxide is usually 
present next to the metal surface, with 
basic copper chloride in the top layer of 
the corrosion product. In addition, 
cuprous sulfide and some basic copper 
carbonate may be found on copper alloys 
exposed to polluted sea water. 

X-ray and electron diffraction methods 
* A. H. Roebuck, The 
land, Texas. 


Western Company, Mid- 


are sometimes used in conjunction with 
chemical methods to determine constitu- 
ents in corrosion products. The chemical 
methods used can be found in standard 
references for qualitative and quantita- 
tive analysis. The names of several pub- 
lications covering methods of analysis 
that are adapted to determining corro- 
sion products are listed in the attached 
bibliography. 

Micro-chemical analytical methods 
such as those described below are most 
useful for determining the nature of cor- 
rosion products, especially when only a 
small sample is available. The me stallic 
components of corrosion products can 
be quickly determined by emission spec- 
trographic analysis, but this approach 
does not give information on the com- 
pounds present. For quantitative spec- 
trographic data, synthetic standards must 
be prepared. The accuracy of the spec- 
trographic analysis depends on the ex- 
perience of the spectrographer. 


Method for Spectrographic Examination 
A 20 mg sample is weighed into a 
chemically pure graphite cup electrode 
and burned to completion in a 10 am- 
pere direct current arc with the sample 
serving as the anode. A rotating sector 
at the spectrograph slit is adjusted to 
pass about 8 percent of the light. The 
prism or grating is adjusted to record 
wave lengths within the region of 2500 to 
3500 A, which includes the persistent 
lines for most of the common elements. 
Secondary lines of calcium, sodium, and 
potassium also will be recorded. 


Methods for Micro-chemical 
Examination 


Character of Corrosion Products 

In the preliminary examination of the 
corroded sample, the physical appear- 
ance, such as thickness, texture and 
colors, of the corrosion product should 
be noted. All these are helpful in identi- 
fying constituents and applying subse- 
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Abstract 


A description is given of micro-chemical 
analytical methods that can be used to 
identify corrosion products on copper and 
copper alloys. Both soluble and insoluble 
constituents can be identified by these 
methods. Cosntionrnts discussed in detail 
include oxides, chlorides, sulfates, sulfides, 
carbonates, silica, calcium, magnesium, 
sodium, ammonia, and metal constituents 
of the material being examined. 

A method for spectrographic examination 
of corrosion products is considered “e fly. 


quent micro-chemical tests. Immersing 
the specimen in a solution of concen- 
trated ammonium hydroxide containing 
about 10 percent (by weight) ammonium 
chloride or in hydroxylamine hydrochlo- 
ride will remove most of the corrosion 
products at a rate slow enough that 
periodic examinations can be made, 
thereby revealing conditions which other- 
wise would escape notice. Hot hydrox- 
ylamine hydrochloride removes corrosion 
products rapidly. 


Water Washing to Collect Soluble 

Constituents 

The area of the specimen needed for 
examination is computed to a fraction 
of a square foot. Visible oil film is re- 
moved with petroleum ether or other 
suitable solvent and the surface washed 
down with boiling distilled water. The 
amount of wash water to be used will 
depend on the size of the sample and 
the nature of the corrosion product. A 
1 inch square sample having a relatively 
large amount of corrosion products may 
require only about 50 ml of fresh water, 
while a sample with an area of 30 square 
inches and having a relatively thin, dense 
film of corrosion products might require 
2 liters of wash water. The washings are 
filtered through a 15 cm diameter No. 
40 Whatman filter paper and evaporated 
to a volume of 1 to 2 ml. Where large 
volumes of wash water are involved, 
washings are evaporated down to about 
100 ml in a large beaker and then trans- 
ferred to a 150 ml beaker for the final 
concentration. The concentrated wash- 
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ings are transferred to a 15-ml centrifuge 
tube and centrifuged. The volume of the 
solution is recorded in tenths of a milli- 
liter. 


Determination of Soluble Constituents 

Determination of soluble constituents 
is made by adding the proper chemical 
to one drop of the concentrated water 
washings. In the majority of « rea- 
gents are added in a solid form. Silver 
nitrate and barium chloride, which are 
most frequently used, are more conven- 
iently added in liquid form. A 10 per- 
cent (by weight) solution is used, added 
as a micro-drop (about 0.01 ml.) In 
many cases the precipitate can be identi- 
fied without the use of a mic roscope; in 
others, its use is required for confirming 
the structure of the precipitate.* 


cases, 


Total Solids. A drop of the solution 
‘0.05 ml) is transferred to a 1 by 3 inch 
glass slide and evaporated to dryness. 
The residue is compared with a series of 
standard residues mounted between glass 
containing about equal calcium acetate, 
sodium chloride, ammonium chlorides, 
hydrated calcium sulfate and silica. Each 
standard residue is double the amount of 


the previous one, and is in the range 
from 0.00002 gm to 0.0064 gm. The 
amount of solids in the unknown is 


matched with one of the standard residue 
and the total solids are calculated in 
grams per square foot. 


pH. This is determined on one drop 
using indicator paper or a liquid indi- 
cator. 


Chlorides. Solution of silver nitrate is 
added to one drop of concentrated water 
washings. 


Sulfates. Solution of barium chloride 
is added to one drop of concentrated 
water washings. 


Sodium. One drop is evaporated to 
dryness. Solid uranyl acetate is added 
and the residue covered with 1:1 acetic 
acid. After standing for 10 or 15 minutes 
the substance is examined for crystals of 
sodium uranyl acetate. 


Calcium and Organic Matter. One 
drop of washings is evaporated to dry- 
The residue is covered with 1:4 
sulfuric acid and heated to fuming. In 
the presence of fixed organic matter dis- 
coloration may occur or the drop may 
become very black. 1:4 nitric acid is 
added and the solution heated to destroy 
color. The fuming is continued until all 
free sulfuric acid is removed. The drop 
is taken up in water and after 1 to 3 
minutes is examined for hydrated cal- 
cium sulfate. 


ness. 


Magnesium. The drop from above, 
after examining for hydrated. calcium 
sulfate, is diluted, made ammoniacal and 


* A precipitate may form during evaporation, but 
this should not cause concern because any con- 
stituent in the precipitate will still be present 
in the concentrated solution. The formation of 
a precipitate does, however, give an indication 
that certain constituents, such as sulfates, car- 
bonates and silica, are present. 


200t 


CORROSION—NATIONAL 


ASSOCIATION OF CORROSION 


calcium precipitated as the oxalate. It is 
filtered off and the filtrate tested for 
magne sium with di-sodium phosphate. If 
zinc is absent, magnesium may be de- 
tected in the presence of calcium sulfate 
by making ammoniacal and adding di- 
sodium phosphate. 


Copper and Zinc. 
rated, organic matter destroyed using 
sulfuric acid and nitric acid and all sul- 
furic acid removed by fuming. The resi- 
due is then flooded with 1:4 sulfuric acid 
and mercuric potassium thiocyanate 
added. Copper forms green crystals while 
those of zinc are white or lavender tinted. 


A drop is evapo- 


Silica. In making tests for calcium, in- 
volving fuming with sulfuric acid, silica 
is dehydrated with much of it clinging 
to the glass. The dehydrated silica is very 
conspicuous. To confirm the presence of 
silica, a drop of solution is placed on a 
Ye inch diameter plastic cover, ammo- 
nium fluoride and sodium chloride added 
and the solution made acidic with the 
addition of sulfuric acid. Silica forms 
hexagonal crystals of sodium fluosilicate 
having a low refractive index and exhibit- 
ing a faint pink color. 


Ammonia. Solutions of ammonium 
chloride are prepared equivalent to 
0.00000165 gm, 0.0000033 gm, 0.0000066 
and 0.000013 gm ammonia per drop of 
0.05 ml. 


A drop of the washings is treated with 
one small drop of 10 percent platinum 
tetrachloride and heated gently until a 
crust begins to form around edge. The 
solution is examined at 75X and com- 
pared with drops of the standard solu- 
tions. Potassium salts must be absent as 
well as organic nitrogen bases. 

If potassium is present, a large drop 
of the solution should be placed in a 
small porcelain crucible, a drop or two 
of 1/10-normal sodium hydroxide solu- 
tion added to the crucible, and the liquid 
covered with a glass slide having a drop 
of dilute hydrochloric acid suspended on 
its lower surface. The crucible should be 
warmed gently and allowed to stand 15 
to 30 minutes. Ammonia will collect in 
the hydrochloric acid solution and can 
be tested for by the procedure outlined 
above. 

If it is suspected that amines are pres- 
ent, a drop of the solution should be 
evaporated to dryness with concentrated 
hydrochloric acid and leached with ab- 


solute ethyl alcohol. The alcohol will 
extract the chloride of the amine, but 
not the ammonium chloride. A test 
should be made for ammonia in_ the 


residue. 


Other Cations. In making the original 
evaporation of washings, the presence of 
iron and silica is usually evident; the 
former imparts a brown color or actually 
separates as a flocculent precipitate; the 
silica sticks to wall of beaker and also 
separates as gel. Potassium may be de- 
tected with perchloric acid. Appropriate 
tests are made for any other cation sus- 
pected of being present or for anions 
other than chloride or sulfate. 
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Examination of Insoluble Constituents 

Silica. Silica is usually present and 
may be soft and loose and easily brushed 
away or it may be tightly adherent. Both 
kinds are frequently found on one sur. 
face. Silica can be recognized by its 
appearance but may be confirmed by 
converting to sodium fluo-silicate using 
ammonium fluoride, sodium chloride and 
sulfuric acid. 


Iron Oxide. Iron is usually recognized 
by its color which varies from light 
brown to almost black. Placing a drop 
of potassium ferrocyanide acidified with 
hydrochloric acid on the surface usually 
produces the color of Prussian blue. | 


Magnetic Iron Oxide (Fe,O,). The 
presence of this oxide is indicated by its 
magnetic property. 


Cuprous Oxide. The physical appear- 
ance of cuprous oxide is unmistakeable 
and is sufficient identification. Confirma- 
tion can be obtained by moistening with 
acetone acidified with hydrochloric acid 
which converts the oxide to white 
cuprous chloride. 

Cuprous oxide occurs as garnet-red 
crystals, as a glassy garnet-red coating 
or as a powdery rust-colored hydrated 
oxide. 


Cupric Oxide. The black film should 
be flooded with cold 1:1 sulfuric acid. 
The cupric oxide will dissolve and the 
color change to that of copper. Another 
possibility is to place a drop of warm 
hydroxylamine hydrochloride solution on 
the black film. Cupric oxide will be dis- 
solved by this solution. 


Zinc Salts. A piece of the metal sam- 
ple is immersed in a saturated solution 
of hydrogen sulfide in 10 percent acetic 
acid. Zinc sulfide will appear as a white 
cloud falling away from the surface of 


the metal. This occurs before copper 
salts start to fall away. Alternatively, 
scrapings may be tested for zinc using 


mercuric potassium thiocyanate and sul- 
furic acid, which will form white or 
lavender colored crystals. 


Carbonates. The presence of carbonates 
is indicated by the evolution of gas when 
a drop of dilute acid is placed on the 
surface of the specimen. This can_ be 
confirmed by holding a drop of dilute 


sodium carbonate solution containing 
phenolphthalein in the gas evolved. The 
solution will be decolorized if the gas 


is carbon dioxide. 


Tin or-Tin Oxides. The surface of the 
specimen is flooded with a solution of 
sodium cyanide and allowed to stand for 
five minutes. A check should then be 
made for a metallic tin coating at the 
treated area. This method is particularly 
useful for finding tin compounds in pits 
in copper alloys of which tin was a con- 
stituent. Treating a specimen with 40 
percent acetic acid solution containing 
an equal volume of 6 percent hydrogen 
peroxide solution will dissolve copper 
salts but leave metallic tin or tin oxides 
intact. 
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Aluminum Compounds. Several small 
pieces of the sample are placed in 10 
yercent hot sodium hydroxide solution. 
The solution is then centrifuged and 
placed on a glass slide. The solution is 
acidified with sulfuric acid, and a lump 
of cesium chloride added. The glass slide 
is rubbed with a glass rod to aid the 
formation of octahedral cesium alumi- 
num chloride compound which is color- 


less. 


Nickel. Nickel alloys may be oxidized; 
if so the oxide may in part be green- 
tinted nickelous oxide or a mixture of 
this green and the black oxide (nickelic 
oxide). Both can be recognized by their 


appearance but the presence of nickel 


should be confirmed with dimethylgly- 
oxime, 


Mercury. This contaminant is dele- 
terious to copper alloys and causes inter- 
granular cracking. It can be detected in 
many instances by visual inspection after 
dipping the sample in 1:1 nitric acid. 
Much 
be detected by putting a convenient sized 
15 ce porcelain 


smaller amounts of mercury can 
sample into a 10 to 


crucible covered with a glass slide. A 


beaker of cold water is placed on the 
glass to act as a condenser. The crucible 
is placed in a hole in a shielding asbestos 
bottom of the crucible 


sheet, and the 


heated with a pilot flame for about 10 
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minutes. Mercury will be transferred to 
the glass where it can be seen. The 
presence of mercury can be confirmed 
by converting the material collected on 
the slide to red mercuric iodide. Cyano 
iodide or a soluble iodide can be used 
as the reagent. 
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By E. G. BOBALEK, W. R. R. PARK, E. G. BELL and W. R. DAWSON 


Introduction 

ANY ARTICLES of hospital ware 

now being supplied to the armed 
services are fabricated from stainless al- 
loys. The weight of these items ranges 
from fractions of an ounce to hundreds 
of pounds each. For example, one port- 
able field sterilizer unit requires about 
400 pounds of stainless steel. This raw 
material is expensive and _ fabrication 
costs are high, particularly in compli- 
cated shapes. These disadvantages of 
stainless steel are tolerated because the 
durability of the products is outstanding. 

Although stainless steel gives the most 
satisfactory service performance, the 
Military Medical Supply Agency“ ini- 
tiated a program to evaluate substitute 
materials. Decreased availability of stain- 
less alloys during periods of national 
emergency could necessitate some deci- 
sions regarding use of alternative ma- 
terials which are in more abundant 
supply. Mild steel would provide the 
most convenient substitute for stainless 
alloys if its corrosion resistance could be 
sufficiently upgraded. Such coatings 
would have to withstand high pressure 
steam because hospital materials are 
sterilized by autoclaving. Durability of 
a paint film during steam exposure pre- 
sents an unusual and severe specification. 
Information regarding this property of 
coatings is not delineated clearly in the 
literature. 

This part of the program was not con- 
cerned with development of new steam- 
resistant coatings, but rather with a com- 
prehensive evaluation of commercial 
coatings. This evaluation was made to 
determine whether the coating industry 
could now provide materials for upgrad- 
ing the corrosion resistance of mild steel 
sufficiently to permit its use in hospital 
equipment. For this evaluation a_ field 
sterilizer was singled out as a_ specific 
development target. Any coating which 
could provide adequate protection for a 
carbon steel sterilizer might be expected 
to give good protection to many other 
items which ordinarily are exposed to 
less severe service conditions. Most items 





% Submitted for publication March 3, 1958. A 
aper presented at a meeting of the North 
Zast Region, National Association of Corrosion 
Engineers. Pittsburgh, Pennsylvania, November 
12-14, 1957. 


a 


This study was performed under the industrial 
mobilization program of the Military Medical 
Supply Agency of the Department of the Navy 
which has the single manager assignment for 
medical materials for the Army, Navy and Air 
Force. The work described herein is part of the 
survey of the problem of replacing stainless 
alloys with coated mild steel in a variety of 
hospital ware if military necessity should ever 
require the use of alternate materials to con- 
serve the supply of certain materials, 
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Evaluation of Steam Resistant Coatings 
For Carbon Steel Hospital Ware“ 


of hospital ware are not required to with- 
stand autoclaving for the very long pe- 
riods required of the sterilizer itself. 


Experimental Work 
Sample Procurement 

To assure a representative sampling of 
potentially steam-resistant paints, two 
procedures were followed. First, five pro- 
ducers of coatings were contacted and 
invited to participate through their own 
laboratories in the evaluation procedure. 
These five suppliers provided samples of 
such formations as they judged would 
have the best chance of success as steam- 
resistant coatings; in some cases, ex- 
perimental and as yet non-commercial 
formulations were submitted for exam- 
ination. 

The second group of samples was 
obtained from a large number of manu- 
facturers whose advertisements claimed 
special corrosion-resistant properties for 
their products. In this broad sampling, 
even such products as appeared to be 
only slightly suitable were ordered and 
evaluated. This extensive sampling was 
done to minimize the chance that useful 
materials might be excluded because of 
prior prejudice regarding their chances 
of being steam-resistant. 

Using information provided by the 
suppliers and/or the authors’ analytical 
data, the paint samples were classified 
into groups according to the dominant 
resin type of the formulation. This classi- 
fication of paints into broad chemical 
categories did not make fine distinctions 
between specific formulations; actual for- 
mulation details were never obtained 
since the manufacturers were naturally 
reluctant to part with classified informa- 
tion. Hence in each category, the paints 
might be expected to show a wide range 
of quality because of formulation vari- 
ables. 


Application Procedures 

All of the screening tests for poten- 
tially steam-resistant protective coatings 
were carried out on mild steel panels 
which had a zinc phosphate surface 
treatment (Parker Spra-bond 100). 

Wherever possible, the paint applica- 
tion was made by dipping at a uniform 
speed, using a motor-driven pulley ad- 
justable to give dipping rates ranging 
from 1”-10” per minute.? This applica- 


tion method had the advantage of coat- 
ing both sides of the panel simultaneously 


2 Ww, R. R. Park and W. R. Dawson. Constant 


Speed Dipping Devise. Paint &@ Varnish Produc- 
tion Magazine, (1957) June. 
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Abstract 


Steam exposure presents the most severe 
environment for producing blistering failure 
of synthetic resin coatings. Conflicting evi- 
dence has been presented over the past 
several years regarding the performance of 
modern coatings in preventing the corro- 
sion of steel in steam exposure. Tests were 
made to determine the feasibility of re- 
placing stainless steel hospital ware with 
coated carbon steel ware. In this connec- 
tion an experimental survey was made by 
panel testing more than 120 commercial 
coatings representing about 25 different 
chemical types over a variety of surface 
treatments. Tabular comparisons were 
made regarding the relative worth of dif- 
ferent types of coatings. It was found that 
coated mild steel could not be regarded as 
an adequate substitute for stainless alloys 
in the manufacture of sterilizers. It was 
discovered, though, that a number of coat- 
ing types, properly applied, could withstand 
500 hours or more exposure to 250 F steam. 


5.4.8 


and also gave a more uniform and re- 
producible film thickness per dip than 
could be obtained by spraying. In a mul- 
tiple coat operation the wedge effect of 
a single dip coat can be compensated 
by reversing the panel for each succes- 
sive dip. 

At least six panels were coated with 
each coating formulation. Three of the 
six panels were coated (multiple dips 
to a thickness of about 2 mils while the 
other three received 4-6 mils of coating. 
Four of these, two of the heavy and two 
of the light film thicknesses were then 
given the final bake recommended by 
the manufacturer of the coating. The re- 
maining two panels were baked at a 
temperature higher than that recom- 
mended by the supplier as standard for 
the coating. 


Exposure 

Before the coated panels were exposed 
to steam, half of the prepared set from 
each formulation were given a 180 de- 
gree bend around a half inch diameter 
mandrel and also given two cuts, down 
to base metal, about 2 inches long and 
which intersected at right angles. These 
operations gave an indication of the flex- 
ibility, hardness, brittleness and adhesion 
of each coating prior to steam exposure. 
The panels of each set, except for con- 
trol blanks, were hung in a surgical steri- 
lizer and exposed to 20 psi steam. The 
panels were observed frequently for signs 
of degradation by comparing with the 
control panels. Panels were removed 
from test exposure either when the coat- 
ing was judged to be no longer service- 
able, or after 500 hours of exposure, 
whichever came first. 

Those coatings which maintained pro- 
tective value after 500 hours of steam 


exposure test were compared in detail 
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TABLE 1—Non Steam-Resistant Coatings 








Film 
Thickness Final 
Chemical Type (Mils) Bake 
Alkyd)... 4-6 20 Minutes 
r at 400F 
Silicone ae 2.0 30 Minutes 
at 450F 
Vinyls. ; ie 4 | 15 Minutes 
; at 450F 
Rubber base Coatings: aad ; 
Chlorinated rubber——»> 5.5 10 Minutes 
at 350F 
Synthetic rubber > 16 900 Minutes 
2 at 200F | 
Bituminous See ; 9 240 Minutes 
at 250F 
Urethane. Sieerd 4 60 Minutes 
at 285F 
Teflon... : 4 


with unexposed panels of the same for- 
mulation. The properties measured were: 
hardness, adhesion, abrasion resistance, 
stain resistance, color retention, gloss re- 
tention, edge rusting, underrusting at 
scratch and impact resistance (Appen- 
dix 1.) Panels which failed at less than 
500 hours’ exposure to steam were some- 
times given a second chance if it ap- 
peared that application variables might 
be the cause of early failure. Otherwise, 
the mode of failure was noted and the 
panels were discarded from further con- 
sideration. 


Discussion of Panel Testing Results 

The majority of the coatings which 
failed to pass the 500 hour test failed 
after less than 50 hours’ exposure. Many 
of the chemical classes which included 
some formulations that passed the 500 
hour exposure test also contained some 
specific formulations which failed in less 
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Hours to 
Failure Comments 
7.5 Film cracked and blistered badly; 
in some cases became very tacky. 
23 Softened badly. 
65 Softened badly and completely 
lost adhesion. 
30 Blistered badly. 
8 Softened and swelled badly—low 
adhesion. 
280 Softening and interlaminar 
blistering. 
19 Serious loss of adhesion. 
65 Bad underrusting and blistering; 


film remained unchanged. 


than 50 hours. It cannot be assumed that 
a coating will be steam-resistant simply 
because it happens to be one of a class 
which contains steam-resistant coatings. 
Each prospective paint, whatever its 
composition, must be tested separately. 
In general, however, some chemical 
classes contained no steam-resistant for- 
mulations at all, and if any formulation 
is known to be of that class, it might be 
discarded without further testing with a 
very small chance of error. 


Discussion 

Many types of protective coatings now 
in use employ resins which contain ester 
linkages in their structures. This accounts 
largely for the relatively low hydrolytic 
resistance of these materials. This 
of saponifiable coatings and also such 
non-saponifiable thermoplastic coatings 
which have softening points below the 
250 F steam sterilization temperature 


class 
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were eliminated a priori from the evalu- 
ation. The reasons are discussed here 
why certain resin systems cannot be ex- 
pected to give satisfactory performance 
in high pressure steam. 


Non-Steam Resistant Types 

Alkyds. Although this type of material 
is widely used in the appliance and auto- 
motive industry (modified with either 
melamine formaldehyde or urea formal- 
dehyde resins) it does not have good 
steam resistance; the ester groups in the 
molecules are susceptible to hydrolysis. 
This leads to rapid softening and general 
degradation of this type of paint on ex- 
posure to steam. 


Silicones. Straight or modified sili- 
cones have been very successful in 
applications that require a highly heat- 
resistant paint; however, the silicon- 
oxygen bond present in all silicone resins 
has a low degree of resistance to hydrol- 
ysis at elevated temperatures. As a result, 
this type of coating, while excellent in 
hot dry applications, fails rapidly in a 
hot and wet environment. 

Vinyls. Most vinyl-type resins fail 
rapidly because of thermoplastic soften- 
ing of the coatings at the test tempera- 
tures. Steam diffuses readily through the 
soft film and disintegrates the adhesion 
bond to the substrate. 


Rubber Base Coatings. Coatings based 
on natural, synthetic, chlorinated and 
sulfur (types of) rubber all absorb water 
and soften badly during exposure to 
steam. As a result of the high absorption 
the coatings soften and swell and the ad- 
hesion bond is destroyed prematurely. It 
is doubtful that this type of coating ever 
could be upgraded sufficiently to have 
good steam-resistant properties. 

Miscellaneous Types. Urethane coat- 
ings show premature failure, probably 
due to hydrolysis of both ester and ur- 
ethane linkages. 

Bituminous coatings soften rapidly in 
the test conditions and rapidly lose their 
protective properties. 

Teflon coatings have the ultimate in 
chemical resistance of all the synthetics 
available to the authors. However, both 
pigmented and clear Teflon films applied 
from dispersion formulations are micro- 
scopically porous and allow for rapid 
under-film corrosion. 

Flame sprayed nylon coatings undergo 
physical or chemical changes during 
steam exposure which cause them to em- 
brittle badly and lose adhesion. 

Table 1 


contains a summary of test 


results of the non-steam resistant types. 


Steam Resistant Types 

Modified Phenolics. The utmost cau- 
tion must be exercised in the formula- 
tion of steam resistant phenolics; the 
films suffer severe dimensional 
on exposure to steam. The over-all result 
of these stresses is to weaken or to break 
the adhesive bond leaving the substrate 
open to attack. 


stresses 
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Figure 1—Battery of sterilizers under test at Case Institute of Technology. The timer is enclosed in the 
box in the center background and the steam line runs parallel to the rear of the units. There is a 1 psi 
differential in the steam pressure between the first and last sterilizer. 


The majority of coatings in this class 
were commercial products. These are, 
undoubtedly, modified with small quan- 
tities of other resins but no detailed in- 
formation could be obtained on_ these 
additives. Thus, it was not known how 
the dimensional stability of the steam 
resistant phenolics was obtained. How- 
ever, several formulations based on 
Bakelite Resin BR 17620 blended with 
polyvinyl butyral displayed good prop- 
erties. 

Modified Expoxies. While this class of 
coating produced several very steam re- 
sistant types (epoxy-phenolic), other 
modifications such as epoxy esters, nitro- 
gen resin-epoxy blends, epoxy-polyamide, 
epoxy thiokol showed only poor to fair 
steam resistance. The main weakness of 
these types of formulations appears to 
be the sensitivity of the modifying agents; 
when the additives suffer degradation the 
entire performance characteristics of the 
coating are altered and degraded. 


Miscellaneous Types. Several miscella- 
neous coatings showed good steam resist- 
ance. Butarez 15, a heat-curing polybuta- 
diene formulation had good ratings in all 
tests, probably because of a lack of polar 
groups (focal points for steam attack) in 








the cured resin. The main objections to 
this coating are the difficulty in applica- 
tion and the high temperature (500 F 
required for adequate curing. 

Formvar, a polyvinyl formal-phenolic 
blend used for wire enameling also 
showed good properties. Unfortunately, 
the high viscosity of the solution and the 
toxicity of the phenolic solvents which it 
employs, limit the usefulness of this ma- 
terial. It is too difficult and hazardous 
to handle to be of practical value for the 
application here studied. 

Kel-F coatings (polymonochlorotrifluo- 
roethylene) gave the best performance of 
any organic coating tested. As might be 


expected, it is also by far the most ex- 


pensive material examined from the 
standpoint of both material cost and ap- 
plication cost. 

In all, 120 protective coatings repre- 


senting 30 chemical types were evalu- 
ated; only 6 of these chemical types (rep- 
resented by 11 coatings) showed suffi- 


cient resistance to degradation by steam 
to warrant further evaluation. 

Table 2 of the 
properties of the steam-resistant coatings; 
a rating scale of 0-10 has been used: 10 
—excellent, 8—very good, 6—good, 4— 
fair, 2—poor, 0—very poor. 


contains a summary 
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TABLE 2—Steam-Resistant Coatings 

























































Figure 2—Exposed sterilizer with a section cut out 
of the outside wall to allow examination of the 
annulus. 


Effect of Coating Variables on 


Steam Resistance 
Final Film Thicknesses 
In general, the heavier film thicknesses 
were more prone to blistering than the 
lighter film thickness. 


Final Bake Conditions 

Formulations containing polyvinyl bu- 
tyral showed lower steam resistance prop- 
erties when the films were baked at tem- 


peratures above 350 F. On the other 
hand, epoxy phenolic films seemed to 
reach an optimum cure at 425-475 F. 


This range is 25-100 degrees higher than 
usually recommended by the manufac- 
turer. The coatings thus obtained gen- 
erally are less flexible than if cured at 
the recommended schedule but the in- 
creased cure leads to better over-all prop- 
erties for this application. 


Variations of Surface Treatments 

An evaluation of the available methods 
for substrate preparation was carried out 
with a view toward obtaining the best 





PROPERTY 

Chemi- Abra- Under- | Esti- 

Steam Stain cal Impact sion rust Ease of Color mate of 

E i Resist- | Hard- | Resist- Resist- | Resist- | Flexi- Resist- | Resist- | Blister-| Adhe- | Appli- | Reten- Relative 
Chemical Type ance ness ance ance ance bility ance ance ing sion cation tion Total* | Costt 
Phenolic 8 7 9 9 1 1 9 8 9 4 10 5 80 Liz 
Epoxy Phenolic , 8 os 6 8 7 6 7 7 8 7 8 10 8 90 2.0 
Phenolic PVB 6 5 7 ae 6 6 7 7 3 7 10 3 73 LS 
Polybutadiene he. 8 8 6 8 8 6 9 7 9 8 91 1.8 
Kel-F...... ee Sel 9 i? te 10 10 10 9 8 9 7 2 9 98 11.0 
Epoxy Polyamides......... » 8 = 7 = 8 8 5 5 4 9 4 7 8 8 86 2.1 


* Perfect score = 120 


+ Cost in dollars/ft? of applied finish at 4-6 mils thickness divided by cost of 4-6 mils of standard alkyd type of appliance enamel (retrigerator finish). 
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TABLE 3——Field Test of Coated Seeiieere: 
Hours Exposure at 20 PSI Steam 
eee ' a = 
REF. Coating Type 1000 2060 3000 | 4000 5000 6000 
eae Aluminum dipped No change Slight rusting on back of| Increased rusting on bac k| Failed—the 
mild steel body ot body | seam split 
5 Nickel plated mild steel Slight rustingon back plate | Slight rusting on body Same Same Same Same 
6 Porcelain No change Severe erosion over entire | Very severe erosion Same Same Same 
body | 
7 | Aluminum Slight oxide coating Heavy white oxide Same (only exposed 3000 | 
coating hrs. to date 
g my No treatment Severe rusting Formation of magnetic | Same Same Same Same 
iron oxide | 
3 | 
10 Kel-F Rusting at back plate and Bad_ discoloration over Loss of adhesion around Same | Same Same 
front edge entire body front edge 
11 Epoxy-phenolic Slight blistering at front | Slight flaking at | Loss of adhesion on back | Same Same near 
edge front edge | plate Failure 
12 Modified phenolic | Failed—blistered and 
| peeled 
‘i 13 Epoxy phenolic Bad chalking Same Flaking and rusting along | Same Same Bad rust 
front edge collection 
14 Epoxy phenolic Bad blistering at back | Checking on back plate Same Failed 
plate and front edge flaking over 
body 
15 Epoxy phenolic Bad blistering and rust Cracking around back | Same Same Bad flaking at 
ing at front edge plate back plateand 
front edge 
16 Phenolic Blistering and flaking on  Flaking on body Failed—checked and 
back plate flaked over entire body 
17 Modified epoxy Failed—loss of adhesion 
between topcoat and 
primer 
18 Polybutadiene Checked over back plate | Failed—checked and 
flaked over entire body 
19 Modified epoxy | Slight blistering Failed—blistered over 
entire body 
20 Modified epoxy Slight blistering at front | Bad discoloration over "Blistering over be ack plate Bad under- | Same Same 
edge entire body rusting at 
front edgeand 
back 
21 Modified phenolic No change (only exposed 
1500 hrs. to date 
4. A. Tickle Raising Ww orks, Seookden: ew York. 
5. Kanigen Division, General American Transport Corporation. The Kanigen coating is chemically deposited using a 92-8 alloy of nickel and phosphorous. 
6. Heintz Manufacturing Company, Philadelphia, Pennsylvania. - 
7. Aluminum Company of America 6061 T fabricated by American Sterilizer Company, Erie, Pennsylvania. 
8. A. C. Lab Equipment Company, Bronx, New York. : 
10. Kel-F, manufactured by the M.W. Kellogg Company, Jersey City, New Jersey, and applied by the Falls Hollow Staybolt Company, Cuyahoga Falls, Ohio. 
11. Kordell 600 green, manufactured by the Kordell Industries, C hicago, Illinois, and applied by Kordell Industries, Mishawaka, Indiana. 
12. 20% XYSG and 80% BR17620 (Bakelite Company, a division of Union Carbide Corporation). The formula was developed at Case Institute of Technology, 


Cleveland, Ohio, and —— by the Arco Company, Cleveland, Ohio. 


13. Landau White, 


Grade IJ, manufactured by the W. J. Landau Company, New York, and applied by Metalweld, Inc., 


Philadelphia, Pennsylvania. 


14, General Resistant Coating, manufactured by the Monsanto Chemical Company and applie d by Geddes Custom Coaters, Cleveland, Ohio. 5 
15. SP4376, manufactured by the Specialty Coatings Incorporated, (division of Thompson Company), Oakmond, Pennsylvania, and applied by the Arco Company, 


Cleveland, Ohio. 


16. P413 and L66, manufactured and applied by the Heresite & Chemical Company, 


17, Dennis No. 1150 and No. 1100, manufactured 


18. Butarez 15, manufactured by the Phillips Petroleum Company, 
2, manufactured and applied by R. 


19. Trailite No. 


Manitowoc, 
and applied by the Dennis Chemical Company, 


J. Grant Company, Compton, California. 


20. Arco LS40489, manufactured and applied by the Arco Company, Cleveland, Ohio. 


21. Plastite No. 7155, manufactured by the Wisconsin Protective Coating Company, Green Bay, 


acturer,. 


possible performance from a given coat- 
ing material. Conventional types of treat- 
ments (iron phosphated steel, sandblasted 
steel, vapor degreased steel, and galvan- 
ized iron) were tried in addition to treat- 
ments that modified the surface character 
either by deposition of another substance or 
by controlled magnetic iron oxide forma- 
tion on the surface. These included treat- 
ments with graphite base coatings , tetra 
isopropyl titanate, nickel ammonium sul- 
fate, and oxidation in molten nitrite and 
nitrate, dichromate salt baths. No advan- 
tage was seen, however, from the use of 
these alternate methods as compared to 
the inexpensive and readily applied zinc 
phosphate coatings. 

Flame sprayed coatings of aluminum 
oxide and zirconium oxide were exam- 
ined as adhesion promoters and as pro- 
tective film.) Excellent metal protection 
was observed when the oxide surface was 


impregnated who phenolic type coatings; 
however, the coating was judged unsatis- 
factory in this application because of 
poor flexibility and high application costs. 


Field Service 

The obvious extension of the panel 
testing program was to test, under actual 
service conditions, coatings which per- 
formed favorably. Additional systems not 
examined in the original evaluation were 


Program 


included here; these were (a) an alumi- 
num-dipped mild steel sterilizer,“ (b 
a nickel-plated mild steel sterilizer 
ing only 1/20 the nickel requirements of 
a stainless steel unit and no chromi- 


a porcelain-coated mild steel 


us- 


um), (c 


(3) ) Norton Manufacturing 
Massachusetts. 

( A, Tickle Engineering Works, 
Yor a. 


Company, Worcester, 


Brooklyn, New 


Wisconsin. 


Wisconsin. 
St. Louis, 
Bartlesville, Oklahoma, and applied by the Geddes Custom Coaters, Cleveland, Ohio. 


Missouri. 


The coating arrangements were made by the manu- 


sterilizer,‘®) (d) an all aluminum steri- 
lizer.) 

The first problem that had to be solved 
was that of obtaining a satisfactory phos- 
phate coating on the specially fabricated 
mild steel sterilizer shells.(8) As a rule, 
custom paint applicators do not have 
phosphating tanks large enough to handle 
such big pieces of equipment; this meant 
that the phosphating and coating opera- 
tions had to be carried out at different 
locations. Therefore, methods of preserv- 
ing the condition of freshly applied phos- 
©) Kanigen Division, General American Transport 

Corporation. The Kanigen coating is _chemi- 

cally deposited using a 92-8 alloy of nickel and 

phosphorous. 
®) Heintz Manufacturing Company, 
Pennsylvania. 


Philadelphia, 


@ Aluminum Company of America 6061 T fabri- 
cated by American Sterilizer Company, Erie, 
Pe nnsylvania. 

() A. C. Lab Equipment Company, Bronx, New 
York. 
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phate coatings, while in transit, had to 
be examined. It was found the surface 
condition was preserved by sealing the 
freshly phosphated sterilizer with a non- 
corrosive dessicant and some paper im- 
pregnated with a vapor phase inhibitor 
into a disposable polyethylene bag. 

To ascertain that all coatings received 
the same surface preparation, the mild 
steel sterilizer shells were taken to spe- 
cialists for the phosphating treatment. 
After each unit was treated, it was dried 
and cooled and packaged in a polyethyl- 
ene bag; each bagged unit was packed 
carefully in soft paper packing before 
crating to prevent punctures of the poly- 
ethylene bags. 

The units were then expressed to the 
respective manufacturers of such coatings 
which had shown a high degree of steam 
resistance in the panel screening tests. 
Arrangements were made by the paint 
suppliers to have the sterilizers painted 
according to their recommended specifi- 
cations; the coatings were applied to both 
the inside and outside surfaces of the 
sterilizer shells under the supervision of 
the technical personnel of the coating 
manufacturer. The insides of the annular 
steam jackets were acid cleaned and 
coated with a graphitic-base steam boiler 
tube lining. ®? 

Sixteen units, consisting of 11 shells 
coated with the organic coatings and one 
shell protected by each of the following 
treatments were mounted on the roof of 
the chemistry building at the Case In- 
stitute of Technology: (a) procelain 
coated, (b) nickel plated, (c) aluminum 
dip, (d) all aluminum, (e) one untreated 
control unit. Figures 1 and 2 show views 
of the sterilizers. The units operated 
under 20 psi steam using a two hour on, 
one hour off cycle for 17 hours a day, 
5 days a week until cold weather made 
it necessary to change the cycle (trouble 
was encountered with steam lines freez- 
ing). The cycle was then changed to 
134 hours on, % hour off 24 hours a 
day, 7 days a week. This cycle was con- 
tinued until warmer weather made it pos- 
sible to revert to the original cycle. 

The exposure was started in the fall 
of 1956 and to date the units have been 
exposed to intermittent live steam for ap- 
proximately 6000 hours. The condition 
of the coatings was examined after every 
200 hour exposure interval. When the de- 
gree of failure was considered severe 
enough to make the unit unserviceable, 
the sterilizer was removed from service. 
Thus far, seven of the units have been 
removed; coatings on remaining units 
show various degrees of degradation. 

Table 3 contains the history of the 
coatings up to 6000 hours’ exposure. Per- 
formance records are listed at 1000 hour 
exposure intervals. 


® Axpexior No. 1, Dampsey Manufacturing Com- 
pany, Boston, Massachusetts. 


Conclusions 

For various reasons summarized in 
Table 3 coated mild steel cannot be re- 
garded as an adequate substitute for 
stainless alloys in the manufacture of 
sterilizers. However, as compared to the 
situation of a few years past, it is sur- 
prising what enormous advances have 
been made in the design of formulations 
which are steam resistant. Ten years ago, 
the capacity of a coating to withstand 
20-50 hours of steam exposure at 250 F 
would have been regarded as an out- 
standing performance. Some of the more 
modern coatings give good, even if not 
perfect, protection for several thousand 
hours under conditions of intermittent 
steaming and cooling. (This is a much 
more severe test than continuous exposure 
to steam. ) 


Many of the failures of the coated, 
carbon steel sterilizers can be explained 
by failure to accomplish ideal conditions 
of paint application, in general. Coated 
carbon steel stands a better chance of 
competing with stainless alloys if the 
coated units are small and simple in de- 
sign. For example, items such as wash 
basins, instrument trays, bed-pans and 
miscellaneous hospital ware are hardly 
any more complicated to finish properly 
than are test panels, and the total service 
life exposure to high temperature steam 
will be only a fraction of what is ex- 
pected of the sterilizer itself. For such 
more modest requirements, a number of 
coatings of types listed in Table 3 
should provide adequate competition to 
the stainless alloys now used in most con- 
ditions of service. 

The effectiveness of zinc phosphating 
as a metal surface treatment for steam 
resistant paints is somewhat contrary to 
much popular opinion. The only possible 
equal is sandblasting followed by imme- 
diate coating. However this is, in gen- 
eral, more difficult to control under pro- 
duction conditions. The preparations of 
metal for adhesion promotion is one of 
the most important directions that should 
be investigated in subsequent research on 
steam’ resistant coatings. 


This comprehensive evaluation of com- 
mercial coatings undoubtedly is not com- 
plete. However, it is adequate to demon- 
strate which general trends of resin 
formulation are likely to show the most 
promising results. Further upgrading of 
the coatings of these chemical types 
should be possible by: (a) improving 
curing uniformity at variable film thick- 
nesses, and (b) exclusion of all traces of 
water sensitive ingredients from the for- 
mulation. Presently, however, the vari- 
ables caused by imperfect control of 
paint application, under shop conditions, 
is important enough to hide relatively 
minor variations of steam resistant qual- 
ities of the better coatings. 
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APPENDIX 1—Test Proceedings 


(a) Scratch Test: The unexposed 
coated panels were given two crossed 
two-inch cuts to the metal with a sharp 
knife. Any chipping about the scratch 
was noted. 

(b) Bend Test: Each coated panel was 
given a 180 degree bend around a half- 
inch mandrel; any cracking, peeling or 
loss of adhesion was noted. 


(c) Impact Test: This test consisted 
in determining the maximum impact in 
inch-pounds from a half-inch diameter 
steel ball that a coated panel would 
withstand without cracking or loss of ad- 
hesion in the coating film. 


(d) Gloss Measurement: The gloss 
measurement rating is effectively ten 
times the percent of light that is reflected 
from the paint surface at an angle of re- 
flection of 60 degrees where the angle of 
incidence is also 60 degrees. The meas- 
urements were made on a Gardner 60 
degree Glossmeter. 


(e) Abrasion Test: This test was per- 
formed by rotating No. 15 or No. 17 
abrasive wheels against a rotating paint 
surface on a Taber Abrasion Tester. The 
abrader head carried 2000 grams for all 
tests. The results were reported as loss of 
coating weight in milligrams per 1000 
revolutions of the paint panel; in addi- 
tion each coating was rated after 100 
and 1000 revolutions. 


(f) Microknife Adhesion Test: The in- 
strument, the Arco Microknife, uses a 
conical shaped diamond cutting head 
which carries weights from 0-1000 grams. 
A measure of the adhesion of the coating 
was obtained by measuring the distance 
between parallel cuts to the metal, in 
mils, that caused flaking of the coating 
between the cuts. 


(g) Microknife Hardness Test: The 
Arco Microknife can be used also to 
obtain relative values for the hardness of 
coatings; this was done by noting the 
number of strokes that were required for 
the weighted diamond cutting tool to cut 
through to the substrate and also noting 
the weight carried by the diamond head. 


(h) Staining Test: Ammoniated mer- 
cury and chlorinated hydroxyquinoline 
ointments, as well as a few drops of a 
saturated solution of iodine in ethyl al- 
cohol, were applied to three separate 
spots on the exposed and unexposed 
panels. A cap was placed over each of 
the materials to prevent evaporation; 
after 24 hours the panels were wiped 
clean, washed with acetone, and _ in- 
spected for signs of staining. 


(i) Film Thickness Determination: The 
film thickness measurements were made 
with a General Electric Electromagnetic 
Film Thickness Meter; several readings 
were taken over the panels and the values 
obtained were averaged. 


Any discussions of this article not published above 
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will appear in the December, 1959 issue 
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Delayed Failure of High Strength Steels* 


Introduction 

ANY STEEL parts require corro- 

sion protection even from normal 
atmospheres. This is particularly true of 
the highly stressed high-strength steel 
components of modern aircraft. Paint 
would serve this purpose, but the prob- 
lem of virtually constant maintenance, 
protection against scratching and peeling 
and inaccessability make paint quite un- 
satisfactory. 

Cadmium plating provides excellent 
permanent protection without mainte- 
nance or susceptibility to mechanical 
damage and has been used with success 
on steels at low to medium strength 
levels. However, at the high strength 
levels demanded by modern design (225,- 
000 to 275,000 psi), cadmium plating 
appears to introduce the potentiality for 
brittle delayed failure in service. 

This is a particularly insidious type of 
failure in that spontaneous brittle frac- 
ture may occur at loads substantially be- 
low those that may have been previously 
sustained and in material which shows 
good ductility in conventional tests. For 
example, electroplated steel bolts, heat 
treated to high strength levels, have 
shown delayed failure at the root of 
threads or in the head fillet. Cadmium 
plated aircraft components, such as land- 
ing gear struts, have failed in a com- 
pletely brittle manner while under very 
low stresses; yet when the material of 
the fractured component is subsequently 
tested, it indicates full normal high duc- 
tility.'*»3,4 This same phenomenon is 
present under certain conditions in tita- 
nium alloys as well as steel.° 

Recently a definite association has 
been realized to exist between this phe- 
nomenon and pickling and plating which 
introduces hydrogen into the steel.® 

Using these observations, Case Insti- 
tute of Technology investigated the in- 
fluence of cadmium plating and hydro- 
gen on the mechanical behavior of air- 
craft quality 4340 steel, heat treated 
from 200,000 to 280,000 psi tensile 
strength.”) Some of the results of this 
study are presented.? 


Results and Discussion 


Throughout this study two types of 
tensile specimens were used. Their gen- 
eral shape and significant dimensions are 
indicated in Figure 1. 

Both notched and unnotched tensile 
specimens were cadmium plated and 
treated to obtain a uniform concentra- 


* Submitted for publication June 9, 1958. A paper 
presented at a meeting of the 14th Annual 
Conference, National Association of Corrosion 
Engineers, San Francisco, March 17-21, 1958. 


® This study was made possible by the support of 
the U. S. Air Force, through the Wright Air 
Development Center, Dayton, Ohio. 
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tion of hydrogen. This was possible be- 
cause the cadmium plate strongly re- 
tards the outgassing of hydrogen. The 


sequence was (1) electrolytic charge in 


sulphuric acid, (2) cadmium plate and 
(3) bake at 300 F. 
Vhe hydrogen content could be 


varying the baking time. 
This is demonstrated by the data of 
Figure This figure indicates that the 
hydrogen concentration is uniform be- 
cause there was no change in ductility 
with successive removal of material from 
the unnotched specimens in the baked 
material as compared to the as-plated 
specimens.‘?) The changing level of duc- 
tility, however, clearly indicates that the 
hydrogen concentration is reduced as the 
baking time is prolonged. See Figure 3. 


The method of studying delayed fail- 
ure was simply to load statically a series 
of sharply notched tensile specimens at 
different stresses and wait for failure. 
Delayed failure was observed over a wide 
range of applied stresses. Figure 4 de- 
picts the type of curve obtained for a 
specific hydrogen content corresponding 
to that obtained by baking 3 hours at 
300 F. 


changed by 


@) Stace hydrogen analyses do not show significant 
differences, it is necessary to assume that hy- 
drogen content and ductility are directly re- 
lated. This is a generally accepted premise for 
the ductility ranges considered here. 
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Abstract 


High-stre ngth steels plated with cadmium 
for protection against corrosion were found 
to fail une xpectedly at high stress levels. 
A definite connection between this phe- 
nomenon and the introduction of hydrogen 
into the steel through pickling and plating 
was determined. Tests were made to de- 
termine the effect of hydrogen concentra- 
tion and notch radius on the delayed fail- 
ure of aircraft quality SAE-AISI 4340 steel 
samples. As might be expected, hydrogen 
concentration exerted a potent influence 
on the static fatigue curve. 

The kinetics of crack initiation and prop- 
agation were studied by an electrical re- 
sistivity method. The existence of an incu- 
bation period for crack initiation and a 
period of apparently controlled crack 
growth were apparent. Data on the reversi- 
bility of the incubation period were re- 
ported. 

Baking to eliminate hydrogen from steel 
was effective with thin plates, but thickly 
plated parts still exhibit embrittlement. A 
new recovery treatment was developed to 
solve this problem without increasing bak- 
ing times on temperatures for thicker 
plates. This method involves double elec- 
troplating of cadmium and depends for its 
effectiveness on the ability of cadmium to 
delay the passage of hydrogen. 2.2 


There are a number of significant fea- 
tures that should be noted in this figure: 
The notch tensile strength is less 
than normal and directly reflects the loss 
of ductility due to hydrogen embrittle- 
ment. 


Delayed failure occurred over a 
wide range of applied stress. 
3. The rupture time is only slightly 


dependent upon the applied stress. 


Figure 1—Tensile Specimens. Top specimen is un- 
notched (112 inches long, 2-inch radius, 0.212-inch 
diameter reduced section). Bottom specimen is 


notched (11-inches long, 0.212-inch notch diam- 
eter, 50 percent-60 degree sharp notch). 
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Figure 2—Effect of baking treatment in causing uni- 
form hydrogen distribution. 
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Figure 3—Variation of hydrogen concentration level with baking time at 300 F. 
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Figure 5—Static fatigue curves for various hydrogen concentrations corresponding 
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Figure 4—Static fatigue curve for sharp notch specimens hydrogenated, cadmium 
plated and baked 3 hours at 300 F at 230,000 psi strength level. 


4. There is a lower critical stress below 
which failure will not occur, presumably 
for any length of time. (A static fatigue 
limit. 


As might be expected, hydrogen con- 
centration exerts considerable influence 
on the static fatigue curve. 

Static fatigue curves for hydrogen con- 
centrations (baking times) are indicated 
in Figure 5. All delay failure parameters, 
notch strength, rupture time and _ static 
fatigue limit, increase continuously with 
decreasing hydrogen concentration. 

The increase in lower critical stress 
with decreasing hydrogen concentration 
suggests that delayed failure (crack ini- 
tiation) is controlled by a combination 
of hydrogen and stress. With decreasing 
hydrogen concentration, more stress is 
necessary to initiate delayed failure. This 
concept is supported by experiments on 
specimens of varying notch severity. 

The variation of the lower critical 
stress with notch severity is shown in 
Figure 6. Static fatigue limit rises as 
the notch severity (radius) decreases. It 
is significant also that the stress concen- 
tration correlates so well with the static 
fatigue limit (Figure 7). 

Additional support is obtained from an 
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to different baking times at 300 F. Sharp notch specimens were used at 230,000 


psi strength level. 
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Figure 6—Static fatigue curves for specimens of different notch sharpnesses 
baked 0.5 hours at 300 F. Specimens had 50 percent notch at 230,000 psi 


examination of the position of crack ini- 
tiation as a function of notch severity 

Figure 8). Sharp notch specimens are 
observed to crack slightly below the 
notch bottom.’ These results agree quali- 
tatively with the concept that the most 
severe triaxial stress state exists below 
the notch surface and that the position 
of maximum triaxiality moves into the 
specimen as the notch severity is de- 
creased.®:? 

At this point it is advisable to note 
that stress concentration and _triaxiality 
are not physically equivalent quantities. 
Stress concentration refers to the increase 
in longitudinal stress resulting from 
structural or geometrical imperfections. 
Triaxiality is a three dimensional stress 
state in which all stresses are tensile. The 
difference between the two quantities can 
be emphasized by noting that a triaxial 
stress state cannot be created in a two 
dimensional specimen where a stress con- 
centration can. 

In a three dimensional specimen, tri- 
axiality and’ stress concentration are al- 


strength level. 


most certainly interrelated. However, the 
longitudinal stress concentration is maxi- 
mum at the specimen surface whereas 
experimental evidence (photoelastic 
stress analysis) indicates that triaxiality 
occurs below the notch surface. 

The correlation between point of crack 
initiation and location of maximum tri- 
axiality suggests that triaxiality, rather 
than stress concentration, is the dominat- 
ing factor. 


Initiation, Propagation and Fracture 

Attention is given here to the events 
occurring prior to fracture in the static 
fatigue range. The cracks shown in Fig- 
ure 8 and other evidence indicate that 
delayed failure occurs by a process of 
crack initiation and relatively slow prop- 
agation. 

The kinetics of crack initiation and 
propagation were studied by an electrical 
resistivity method developed at Case.” 
A typical resistivity-time curve for 
sharply notched specimens is shown in 
Figure 9. The existence of an incubation 
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TABLE 1—Reversibility of the Incubation 
Period* 


Incubation Period 
(min) at | Aging (min) on Reloading 
250,000 psi | Time at 250,000 psi 


Loading Time | 








17 1 


17 1 min 8 
20 24 hr 18 
20 24 hr 30 
20 24 hr 30 


* Normal Incubation Period =30 min. 


period for crack initiation and a period 
of apparently controlled crack growth 
are apparent. The existence of an incu- 
bation period is a mat- 
ter of considerable importance. For ex- 
ample, one of the unique characteristics 
of hydrogen embrittlement is that the 
fracture ductility decreases with decreas- 
ing strain rate.'! This fracture ductility is 
dependent upon both initiation and prop- 
agation of a crack; nevertheless, for a 
given incubation period, a low strain-rate 
test will more likely detect embrittlement 
than a high strain-rate test. If the strain- 
rate is so high that the specimen  frac- 
tures in less time than the incubation 
period, hydrogen embrittlement will not 
be detected. 


seconds to days 


This behavior must be reflected in the 
design of a suitable test for detection of 
hydrogen embrittlement. Apparently, a 
mechanical test will be inadequate if the 
test duration is less than the incubation 
period. Since incubation periods of sub- 
stantial duration have been observed, 
short time such as normal tensile 
and bend tests may not be discriminat- 
ing. Thus, under these conditions, the 
steel may exhibit normal ductility but 
will still be subject to brittle delayed 
fracture.!2 


tests 


Figure 10 shows that the incubation 
period is strongly dependent upon hydro- 
gen but that applied stress has _ little 
influence. The incubation period is inter- 
preted tentatively in the following man- 
ner.:!5 Just prior to testing, the hydro- 
gen is uniformly distributed throughout 
the specimen. The proper or critical 
combination for failure of the hydrogen 
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Figure 8—Cracks observed in notch specimens sec- 
tioned after static loading. Specimens were hydro- 
penaees, cadmium plated and baked at 300 F. 
ongitudinal section at 100X. Top specimen has 
0.001-inch notch radius, 12-hour baking time and 
240,000 psi applied stress. Bottom specimen has 
0.010-inch notch radius, 0.5-hour baking time and 
225,000 psi applied stress. 


concentration and stress does not exist in 
the region of high triaxiality since the 
specimen does not fail on loading; but 
since the load or stress does not change, 
the incubation time must be that time 
necessary for the hydrogen to concen- 
trate in the region of maximum triaxial- 
ity. The concentration of hydrogen is 
considered to be induced by the high 
elastic strain in the region of high tri- 
axiality. When sufficient hydrogen has 
concentrated in this region, a crack will 
be initiated. 

Since it has been postulated that the 
diffusion of hydrogen is elastic strain- 
induced, it follows that the incubation 
period should be reversible. In 
other words, the direction of hydrogen 
diffusion should reverse upon removal of 
the stress. Stress-induced diffusion should 
result in a concentration peak at the 
point of most severe triaxial stress. When 
the applied stress is removed, the uni- 
form distribution should be restored after 
a suitable aging time. 


stress 


This reversibility feature is vividly 
demonstrated in Table 1. Sharp notch 
specimens were treated to a hydrogen 
concentration corresponding to an incu- 
bation period of about 30 minutes. The 
specimens were then stressed at 250,000 
psi for the indicated times which were 
shorter than the incubation period, un- 
loaded and aged at room temperature. 

Specimens aged for 24 hours exhibited 
normal incubation periods upon reload- 
ing; the specimen unloaded for one min- 
ute displayed a much shorter incubation 
period because the aging time was insuf- 
ficient to allow hydrogen diffusion. 

Because the incubation period is_re- 
versible, total incubation periods much 
longer than the normal incubation period 
may be produced by alternate loading 
and aging treatments (Figure 11). A 
total incubation period of 82 minutes is 
produced for a normal incubation period 
of 30 minutes and a total incubation 
period of 200 minutes is produced for 
one of 55 minutes. The 10-minute incu- 
bation period indicates that the aging 
treatments do not any detectable 
out-gassing which influence the 
results. 
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Figure 9—Typical resistivity-time curve for sharp- 
notched specimens at 230,000 psi strength level. 


The electrical resistivity curve of Fig- 
ure 9 and also heat tinting experiments 
indicate that the period of slow crack 
growth is followed by catastrophic failure 
with extremely fast crack growth. The 
appearance of the fracture differentiates 
between the area of slow crack growth 
and that of catastrophic failure (see 
Figure 12 


1. The average slow crack propagation 
rate can easily be measured as the slow 
propagation crack area divided by the 
difference between rupture time and in- 
cubation period. 


2. This average crack propagation rate 
is independent of applied and 
strongly dependent upon hydrogen con- 
centration (Figure 13 


stress 


3. The fracture stress was constant and 
approximately equal to the true (unem- 
brittled) fracture stress of the material. 
This was true over a wide range of hy- 
drogen concentration and applied stress. 
This means that the crack grows slowly 
at a rate controlled by hydrogen diffusion 
to the crack tip until the true fracture 
stress of the material is exceeded. 


Thus the variation in rupture time 
reflects the total time for slow crack 
growth to attain the critical area where 
L/A equals fracture stress. Fracture 
stress is believed to be constant and equal 
to the unembrittled (non-hydrogenated 
fracture stress because catastrophic fail- 
ure involves very high strain rates. At 
very high strain rates, hydrogen embrit- 
tlement is not normally evident, how- 
ever, this may not be the situation at 
extremely high hydrogen concentrations. 


Recovery of Cadmium Plated 
Embrittled Steel 

A relation apparently exists between 

delayed failure and the reduced ductility 

embrittlement) caused by the introduc- 
tion of hydrogen by pickling and cad- 
mium plating. 

To mitigate hydrogen embrittlement, a 
baking treatment is often specified which 
is designed to recover ductility by driving 
the hydrogen from the steel.?:*:* For a 
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Figure 10—Variation of incubation period wtih applied stress and hydrogen 


concentration corresponding to different baking times at 300 F. Specimens 
were sharp-notched, 230,000 psi strength level. 
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Figure 11—Schematic representation of loading and 

aging treatments which produce incubation periods 

much longer than the normal incubation periods for 

these hydrogen concentrations. Sharp notch specimens 
at 230,000 psi strength level. 


cadmium plated part, a typical recovery 
treatment consists of baking for several 
hours in the 300 F to 400 F temperature 
range. However, the incidence of brittle 
failures in electroplated parts demon- 
strates that baking treatments are not 
always effective. Several factors are con- 
sidered to influence the efficiency of a 
recovery treatment; only a few of these 
have been investigated. For a given bak- 
ing treatment, there is less recovery of 
ductility as the strength level of the base 
steel increases. Also, the recovery process 
follows a time-temperature sequence be- 
cause greater recovery is achieved from 
higher baking temperatures or longer 
baking times. Other factors of  signifi- 
cance have not been investigated. For 
example, it has not been demonstrated 
whether hydrogen outgassing is governed 
primarily by the base steel or the cad- 
mium plate. If the cadmium plate is the 
controlling factor, then a question of 
vital interest is the influence, if any, of 
plate thickness upon the recovery rate. 
An examination of these factors has led 
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Figure 12—Fracture surface of sharp notched specimens hydrogenated, cadmium 
plated and baked at 300 F. Dark areas indicate extent of hydrogen controlled 


crack propagation. Strength level was 230,000 psi, 7.5X. 


TABLE 2——Composition of Cadmium Plating 











Solution 
CdO NaCN NaOH | Brightening 
| Agent 
32 gm/1 112 gm/1 12 gm/1 4.5 gm/1 








TABLE 3—Barrier Effect of Cadmium Plate 


| Bake Bake 
| 0.5 Hrs 3.0 Hrs 
at 300F | at 300F 
EE | ES | 
Sequence 1(De-Plated) | 40% R.A. | 40% R.A. 
Sequence 2(Plated) 10.5% R.A. | 17% R.A. 


Sequence # 1 Sequence #2 


a)Hydrogen Charge a)Hydrogen Charge 
b)Cadmium Plate b)Cadmium Plate 
c)De-Plate (Chromic Acid c) 


Solution) 
d) Bake at 300F d) Bake at 300F 


to a new and promising technique for 
minimizing hydrogen embrittlement.'4 

The material employed was the same 
aircraft quality SAE-AISI 4340 steel ex- 
amined in the delayed failure experi- 
ments. The study was conducted with 
the steel heat-treated to 230,000 and 
270,000 psi tensile strength. The 2-inch 
radius tensile specimen shown in Figure 
1 was employed. 

The sequence of events in the plating 
operation was designed to simulate com- 
mercial treatment of high strength steels, 
as follows: (1) electrolytic hydrogena- 
tion, (2) cadmium electroplate and (3) 
bake at 300 F or 400 F. 

Initially, the specimens were degreased 
in carbon tetrachloride and then cathod- 
ically charged for five minutes in a 4 
percent sulfuric acid solution at a current 
density of 1.4 x 10-4 amperes per square 
foot. This step simulates, in a reproduci- 
ble manner, the acid pickling or other 
surface cleaning treatments given com- 
mercial parts before electroplating. 

The composition of the cadmium 
plating bath is given in Table 2. 

A bright,. adherent cadmium plate re- 
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Figure 13—Variation in average crack propagation 
rate with baking time at 300 F. Sharp-notched 
specimens at 230,000 psi strength level. 
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Figure 14—Variation of cadmium plate thickness 
with plating time. 


sulted from. a current density of 20 am- 
peres per square foot. A cadmium anode 
was used and the plating bath was not 
agitated. 

The cadmium plate thickness was con- 
veniently controlled by varying the plat- 
ing time, given in Figure 14. It should 
be noted that the plate thicknesses cover 
the range specified by the ASTM. 

That the cadmium plate controls hy- 
drogen outgassing is demonstrated by a 
comparison of the recovery characteris- 
tics of plated and of plated plus deplated 


specimens, given in Table 3. Two groups 


SPM RE SE 


on EE 


— 


Fic 


of spec 
level 1 
cadmit 
tions; 
from 0 
ina ¢ 
the bal 
The 
rent to 
mens € 
plated 
Eviden 
age ol 
efficien 
If tk 
surpris 
thickne 
docum 
havior 
both 3! 
is sligh 
thinly 
thickly 
long 4 
comple 
The: 
cal cor 
covery. 
are eV 
thickly 
severe 
inordir 
necessa 
indicat 
of com 
essary 
hours { 
course, 
the pa 
and th 
for the 
ployed 
as sect 
raisers 
havior: 
report 
compl 
factors 
that of 
This 
recove! 
much 
hydrog 
cause 
tions | 
plating 


15 





SI 


1 
=} 


mium 
‘olled 


24 


ition 
ched 


ness 


im- 
»de 
not 


on- 
lat- 
uld 
ver 


hy- 
ris- 


ted 
1ps 


g 


settee i 


April, 1959 


NO PLATE 
Cd PLATE 
Cd PLATE 
Cd PLATE 


25% 10°4IN 
4.25 x10°4IN 
65x 10°4IN 


° 2 4 6 8 10 12 14 





24 









20 





BAKING TIME FOR FULL RECOVERY HRS. 


18 20 22 24 0 ! 2 


BAKING TIME AT 300°Fe HRS 


Figure 15—Recovery behavior for various cadmium plate thicknesses. 


of specimens at the 230,000 psi strength 
level were electrolytically charged and 
cadmium plated under identical condi- 
tions; the cadmium plate was removed 
from one group of specimens by dipping 
in a chromic acid solution just prior to 
the baking treatment. 

The cadmium plate is a potent deter- 
rent to recovery since the deplated speci- 
mens exhibit complete recovery while the 
plated specimens are severely embrittled. 
Evidently, the cadmium delays the pass- 
age of hydrogen and therefore is an 
efficient barrier to hydrogen outgassing. 

If this behavior is considered, it is not 
surprising to find that the cadmium plate 
thickness strongly influences recovery as 
documented in Figure 15. The same be- 
havior pattern is evident upon baking at 
both 300 F and 400 F although recovery 
is slightly faster at 400 F. In both cases, 
thinly plated specimens recover rapidly; 
thickly plated specimens may require as 
long as 20 hours or more baking for 
complete recovery. 

These data allow an evaluation of typi- 
cal commercial baking treatments for re- 
covery. Commercial baking treatments 
are evidently effective with thin plates; 
thickly plated parts may still exhibit 
severe embrittlement. Because of this, 
inordinately long baking times may be 
necessary to obtain complete recovery as 
indicated in Figure 16. Within the range 
of commercial plate thicknesses, the nec- 
essary baking time varies from a few 
hours to as long as 20 or more hours. Of 
course, these baking times depend upon 
the particular embrittlement conditions, 
and these specific values are valid only 
for the hydrogen charging conditions em- 
ployed. In service, additional factors such 
as section size, strength level, and stress 
raisers may influence the recovery be- 
havior; even longer baking times than 
reported here might be necessary for 
complete recovery. The effect of these 
factors would presumably be additive to 
that of plate thickness. 

This influence of plate thickness upon 
recovery is undoubtedly responsible for 
much of the current confusion regarding 
hydrogen embrittlement in service. Be- 
cause of the different operating condi- 
tions likely to be found among electro- 
plating shops and the normal variations 


in plate thickness over irregularly shaped 
parts, wide variations in embrittlement 
may be expected. 

This phenomenon poses a dilemma: 
requirements for maximum corrosion re- 
sistance and for minimum hydrogen em- 
brittlement are mutually incompatible. A 
reasonably thick plate is necessary for 
good corrosion resistance; a thin plate is 
desirable to minimize hydrogen embrit- 
tlement. 

The problem then is to deposit a thick 
electroplate and, at the same time, obtain 
full recovery after a reasonably short 
baking treatment. An obvious approach 
would be to use higher baking tempera- 
tures; however, this is limited by two 
factors: the susceptibility of cadmium to 
oxidation and the original tempering 
temperature of the base steel to obtain 
the high strength levels. 

A new recovery treatment has been 
developed at Case which depends upon 
the ability of cadmium to delay the pas- 
sage of hydrogen. The basis of this treat- 
ment is cited in Figure 17 which repre- 
sents the variation of ductility with plat- 
ing time. The ductility decreases rapidly 
to a limiting value during the first few 
minutes of plating and then remains con- 
stant.) Evidently, hydrogen enters the 
steel during the first few minutes of 
plating and cannot enter after a critical 
thickness of plate metal has been de- 
posited. 

An apparently efficient recovery treat- 
ment was devised by taking advantage of 
this behavior. The procedure is as fol- 
lows: a thin layer of cadmium is electro- 
plated on the steel which is then baked 
to recovery. The baking time is short 
because the plate is thin. A second layer 
of cadmium—of any thickness—is then 
deposited. After this second plating, no 
embrittlement is observed because the 
first plate prevents the entry of hydrogen. 
This technique is so efficient that no 
baking treatment was necessary after the 
second electroplating. The validity of the 
method for both strength levels and 
several plate thicknesses is demonstrated 
in Figures 18 and 19. 

As an example, a cadmium plate of 
®) This limiting ductility does not result from 


saturation with hydrogen because much lower 
ductilities have been observed. 
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Figure 16—Influence of plate thickness on baking time necessary for complete 


recovery of ductility. 


—PROCEDURE _ 
1) PICKLE 15 SEC. IN 4% HpSO, 
2) CADMIUM PLATE FOR SPECIFIED TIME 


3) AGE AT RT. UNTIL TIME FROM START GF 
4) TEST 
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Figure 17—Influence of plating time on ductility. 


about 7.5 x 10“ inch is to be deposited 
on steel heat treated to 230,000 psi. In this 
case Figure 16 would be applicable. First a 
cadmium plate of 1.25 x 10-4 inch is de- 
posited. The steel is then baked to full 
recovery, requiring only one hour at 300 
F. A second cadmium plate of 6.5 x 10-4 
inch—or any other thickness—may then 
be deposited and no embrittlement will 
be observed. On the other hand, if the 
standard sequence of charging, plating 
and a three-hour bake at 300 F had been 
employed, the ductility would have been 
reduced to 17 percent area reduction, 
which is less than one-half the normal 
ductility of 40 percent area reduction. 
This method has considerable potential 
as a commercial recovery treatment and 
should be of particular value in critical 
applications where maximum corrosion 
resistance is desired, with a minimum of 
hydrogen embrittlement and concomitant 
susceptibility to brittle delayed failure. 
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Figure 18—Outline of new recovery treatment for minimizing hydrogen embrittle- 
ment. 230,000 psi strength level. 
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Discussion by John P. Fraser, Shell De- 
velopment Company, Emeryville, 
California: 

The author stated that there is a finite 
“incubation period” before cracking be- 
gins, after which the crack grows con- 
tinuously until rupture occurs. This 
sequence of events differs from that previ- 
ously reported by Barnett and Troiano,! 
who reported initial crack propagation 
to be almost instantaneous through the 
outer layers of metal. I presume that the 
difference is due to the difference in dis- 
tribution of hydrogen in the two cases. 
Barnett and Troiano stressed their speci- 
mens immediately after charging (very 
nonuniform distribution of hydrogen, 
with the concentration highest near the 
surface). In the present work, Troiano 
aged his specimens before stressing (dis- 
tribution of hydrogen presumably nearly 
uniform across specimen). Is this inter- 
pretation correct? If so, what is the 
mechanism by which cracks initiate in a 
steel in which the hydrogen concentra- 
tion is fairly low and uniform (i.e. steel 
was aged at elevated temperature after 
plating ) ? 

In relation to the above, Bastien and 
Azou? found that hydrogen embrittle- 
ment was most marked in tensile tests on 
a carbon steel when speed of deformation 
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caused failure in 10 seconds to 30 min- 
utes. This suggests that diffusion of hy- 
drogen to incipient cracks is rapid, which 
is consistent with the observations of 
other investigators. With this in mind, I 
wonder if the author would explain why 
he has used incubation periods of 50 to 
60 minutes to crack initiation. 

My other questions are rather brief: 

1. Have plated metals other than cad- 
mium been studied in connection with 
the delayed fracture problem? 

2.What is the minimum thickness of 
cadmium needed to act as a barrier for 
hydrogen effusion? 

3. Have any hydrogen analyses been 
made on specimens which have been 
charged with hydrogen and then aged at 
elevated temperatures? I would be par- 
ticularly interested in the distribution of 
hydrogen after aging. 
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Reply by Alexander R. Troiano 

Mr. Fraser’s interpretation of the dif- 
ference in incubation time reported here 
and in the earlier work is correct. In this 
later work, the hydrogen distribution is 
uniform across the specimen. 

The incubation period is a function of 
the initial hydrogen concentration which 
accounts for the differences in incubation 
time for failure. 

No plated metals other than cadmium 
have been studied. Minimum. thickness 
of cadmium plate needed to act as a 
barrier is about 2 x 10-* inch. However, 
this will depend upon the baking temper- 
ature. In high strength steels, hydrogen 
analyses do not show any difference be- 
tween the plated and as-received material. 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Figure 19—Outline of new recovery treatment for minimizing hydrogen embrittle- 
ment. 270,000 psi strength level. 


Discussion by Jerold Miles Van Orden, 
Lockheed Aircraft, Burbank, California; 


Your test work on hydrogen embrittle- 
ment of steel has been performed mainly 
on small specimens and has evolved an 
embrittlement relief treatment. Should 
we expect the same degree of embrittle- 
ment relief on a much larger mass of 
metal with the same treatment? 

With the hydrogen embrittlement 
treatments and special low embrittlement 
cadmium plating baths being developed, 
we should be able to produce practically 
non-embrittled parts. With subsequent 
service corrosion of the plate with hy- 
drogen evolution), will these parts  be- 
come re-embrittled? Do you propose to 
study this phase of the problem? 

Your reduction of area tests indicate 
freedom from embrittlement on_ speci- 
mens plated with a barrier coat (1 x 107 
inches), relieved, then finish plated (6.5 
x 10-* inches). Can you explain why the 
barrier coat permitted relief and then 
prevented re-entry of hydrogen? 


Reply by Alexander R. Troiano 

We believe that it should be possible 
to obtain the same degree of relief in 
larger sections with the same treatment 
if the larger sections do not have more 
hydrogen in them prior to cleaning and 
plating. No study has been made of the 
possibility of embrittlement by service 
corrosion. In our opinion, this represents 
an interesting problem and a real_possi- 
bility. As the cadmium plate becomes 
thinner by corrosion, the barrier effect 
will become less. 

We believe that the barrier coat per- 
mits relief and then prevents re-entry 
because of the difference in temperature 
between the two operations. Relief is at- 
tained by baking at 300 to 400 F. Re- 
entry would have to occur at lower plat- 
ing bath temperatures. This, however, 
does point up the sensitivity of the 
method to the thickness of the first plate. 
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Part 1—A Survey of the Literature 





The Effect of Sigma Phase vs Chromium Carbides 
On The Intergranular Corrosion 
Of Type 316 and 316L Stainless Steel* 


Introduction 

HE WELDING of austenitic stain- 

less steels or their heat treatment in 
the 1000 to 1600 F temperature range 
causes formation of chromium carbides 
in the grain boundaries. A continuous 
grain boundary network of these carbides 
can lead to severe intergranular attack in 
certain corrosive environments. Three lab- 
oratory corrosion tests are commonly used 
to evaluate the susceptibility of austenitic 
stainless steels to intergranular attack due 
to carbide precipitation. These are the 
boiling 65 percent nitric acid test,“ the 
acidified copper sulfate test and the 10 
percent nitric-3 percent hydrofluoric acid 
test. 

When certain grades of austenitic stain- 
less steel such as Types 316, 316L and 
321 are heated in the 1000 to 1800 F 
temperature range, another microstruc- 
tural constituent known as sigma phase 
can form in the grain boundaries of the 
steel. This phase is an intermetallic com- 
pound consisting principally of iron and 
chromium and enriched in other ferrite- 
forming elements that may be present in 
the steel, such as Si, Mo, and Ti. 


Of the three intergranular corrosion 
tests listed above, only the boiling 65 
percent nitric acid test is sensitive to the 
presence of sigma phase in the steel. 
Even in the nitric acid test, the mere 
presence of sigma phase in the steel does 
not always mean a reduction in corrosion 
resistance. Instead, the form and distri- 
bution of the sigma phase are all-impor- 
tant in determining its effect on the 
nitric acid corrosion resistance. 

Little is known about the effect of 
sigma phase on the resistance of stainless 
steel to those corrosive media commonly 
encountered in service. This, plus the 
fact that the nitric acid test is the only 
standard laboratory test seriously affected 
by sigma phase, has led several investi- 
gators'?}3 to question whether, in most 
environments, sigma phase is detrimental 
to the corrosion resistance of stainless 
steels. 

The results of this investigation are 
reported in two parts: (1) a survey of the 
literature on the intergranular corrosion 
of austenitic stainless steels and its rela- 
*% Submitted for publication March 17, 1958. A 

paper presented at a meeting of the 14th Annual 


Conference, National Association of Corrosion 
Engineers, San Francisco, March 17-21, 1958. 
” The electrolytic oxalic acid etching test is also 
used in conjunction with the nitric acid test to 
evaluate the intergranular corrosion resistance of 

certain grades of stainless steel. 
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tion to the presence of chromium car- 
bides and sigma phase and (2) a labora- 
tory investigation of the relative effects 
of chromium carbides and sigma phase, 
as they are formed in Types 316 and 
316L stainless steel, upon the intergranu- 
lar corrosion resistance of these 
Of greatest interest was the intergranular 
corrosion behavior in acid media other 
than nitric. 


steels. 


Intergranular Corrosion as Related to 
Carbide Precipitation 

Introduction 

By 1932 it was already well known 
that austenitic stainless steels of the 18 
Cr-8 Ni variety are subject to intergran- 
ular corrosion following exposure in the 
1000 to 1600 F temperature range. This 
corrosion takes the form of preferential 
attack at the grain boundaries of the 
steel. If the intergranular attack is suf- 
ficiently severe, it can undermine the 
grains and eventually cause complete 
disintegration or powering of the metal. 

During the years 1930-1933, numerous 
technical articles were published on in- 
tergranular corrosion.:>:6-7.8,9,10,11,12,18,14 
Most of these early papers were con- 
cerned with (a) theories explaining the 
intergranular corrosion of stainless steels, 
b) methods of testing stainless steel for 
susceptibility to intergranular attack and 
c) means of preventing or minimizing 
intergranular corrosion in service. Such 
investigations as those of Strauss, Schott- 
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Abstract 
A detailed survey of the literature on the 
intergranular corrosion of stainless steels 
is given to determine the relative effects of 
chromium carbides and sigma phase. The 
survey showed that at least eight different 
acids can cause intergranular corrosion of 
austenitic stainless steels if a continuous 


carbide network is present: acetic, hydro- 
fluoric, hydrochloric, lactic, nitric, phos- 
phoric, sulfurous and sulfuric acid. Only 


limited information was available on the 
effect of sigma phase on the intergranular 
corrosion resistance of stainless steels in 
these same acid environments. 3.2.2 


ky and Hinnuber't and Aborn and Bain# 
showed that intergranular attack of aus- 
tenitic stainless steels was associated with 
the precipitation of chromium carbides 
in the grain boundaries caused by ex- 
posure in the 1000 to 1600 F tempera- 
ture range. Heat from welding was dis- 
covered to cause carbide precipitation in 
certain regions of the heat affected zone 
adjacent to the weld, thereby making 
these areas susceptible to intergranular 
attack.7+15 

One of the earliest methods used to 
prevent intergranular corrosion was to 
reheat or anneal the welded steel at 1850 
to 2000 F to dissolve the carbides, fol- 
lowed by rapid cooling. A second preven- 
tive method first used by the Krupp 
Works in Germany*® was the addition of 
titanium to the steel. The titanium com- 
bined with the carbon, preventing the 
formation of damaging chromium car- 
bides upon welding. The use of other 
alloying elements as carbide stabilizers, 
such as Nb and Ta, soon followed in this 
country.® As early as 1933, Bain, Ruther- 
ford and Aborn® showed that reducing 
the carbon content of austenitic stainless 
steels to than about 0.03 percent 
would insure freedom from damaging 
carbide precipitation upon welding or 
short-time exposures (1 hr) to elevated 
temperatures. However, commercial al- 
loys having such low carbon contents 
were not developed until after World 
War II. 

The first explanation advanced to ac- 
count for the intergranular corrosion of 
austenitic stainless steels was the chro- 
mium depletion theory of Strauss and 
others!* and Aborn and Bain.*:> This 
theory postulated that the formation of 
chromium-rich carbides in the grain 


less 


boundaries depleted the area adjacent 
to the grain boundaries in chromium and 
that the chromium-depleted areas were 
subject to preferential attack. The chro- 
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TABLE 1—Corrosive Service Environments in Which Austenitic Stainless Steels Have Undergone 


Classification 
of Service 
Environment 


Acetic Acid 


Nitric Acid 


Phosphoric Acid 


Sulfuric Acid 

Sulfuric Acid and 
Metallic 
Sulfates 


Hydrofluoric Acid 
and Ferric 
Sulfate 





Mixed Sulfuric 
and Acetic 
Acids 





Mixed Sulfuric 
and Nitric Acids 


Mixed Lactic and 
Nitric Acids. 


Mixed Nitric and 
Hydrofluoric 
acids. . 


Sulfurous Acid 


Salts which 
Hydrolyze to 
Sulfuric Acid 


1 


I.G.A. is an abbreviation for ‘intergranular attack."’ 
2 H.A.Z. is an abbreviation for ‘‘heat-affected zone.”’ 
3 TH 


Service Environment 




















| 





Intergranular Attack 


| 
Type of 


| Condition of Steel 


“| Severe 1.G:A. in H.A.Z. 


$$$ | Length | Responsible for 
Solution and Tem- | of Service| Unit Under- Stainless Intergranular 
Concentration | perature | Exposure | going Attack Steel | Attack 
99.6% Acetic acid 245F 2yr Condenser head | 316 As cast 
Acetic Acid Heated to red heat 
(No conc. given) 1 yr | Tank 316 by plant fire 
55-75% Acetic acid | 
+0.02-0.3% Fractionating 
Salicylic acid 220F column 316 As-welded 
98% Nitric acid Ambient Welded flanges 304 As-welded 
and fittings 
Nitric acid 
No conc. riven Evaporator 3023 As-welded 
Soln. of silver nitrate Welded funnels 
and nitric acid warm and Dippers 3023 As-welded 
Repair welded; no 
350F Polymerization subsequent heat- 
85% Phosphoric acid (200 psi) 7 yr vessels 317 treatment 
Unit for Phos- 
phoric acid 
85% Phosphoric acid manufacture 316 As-welded 
4% Sulfuric acid Steam-jacketed 
in methanol Heated 1% yr. kettle 316 As-welded 
Ferrous sulfate slurry Centrifuge Sensitized by 
in sulfuric acid flights 316 hard-facing 
: s Welded and stress- 
9% sulfuric acid + 7% gd, Corrosion relieved 2 hr. 
ferrous sulfate 65F 21 days specimens 304 1250F, A.C. 
Support bars 
Sulfuric acid + copper for pickling 
sulfate tank 3023 Hot-rolled 
1.8-2.0% Hydrofluoric 
acid + 6-8% ferric ee Sensitized by flame 
sulfate 170F 15 min. Pickled shells 3023 annealing 
p One agitator; 
0.5% Sulfuric acid + lass As-fabricated 
0.3% acetic acid 150F 6 yr. Agitators 316 condition 
Another agitator: 
As-welded 
condition 
0.5% Sulfuric acid + q 
28% acetic acid 120F & yr. Agitator Hub 3023 As-cast 
: Spray-quenching 
0.6% Sulfuric acid + insufficient for 
0.4% nitric acid 2125 309 heavy sections 
Strong mixed acids 
(sulfuric acid + Inadequate (or no) 
nitric acid) 2 yr Wringer basket 302 heat-treatment 
50-85% Lactic acid + batt 
10% nitric acid 175F 2% yr Agitator 316 As-cast 
2 yr Welded nozzle 317 As-welded 
10-12% Nitric acid + . 304 and 
1.5% hydrofluoric acid 140F 5-16 mo. | Pickling tanks 316 As-welded 
Water, starch, + traces Centrifuge Stress-relieved at 
of sulfur dioxide screen 302 1150-1200F 
Sensitized at 950F 
Corrosion and 1550F, slowly 
Sulfite cooking liquor 75 days specimens 317 cooled 
Elbows and 
E f bends in Sensitized by 
| Sulfite solution 2 mo. piping 3023 forming operation 
| Sulfite digester acid - 
(calcium bisulfite + 250F- 
5-6% dissolved sulfur 320F | Sulfite digester 
dioxide) (80 psi) | 7-30 mo. fittings 302 As-cast 
Ammonium Sulfate Evaporator 
Solution unit 317 | As-welded 
Impure water containing 
a large percentage of Few : Improper 
aluminum sulfate months Impeller casting 3023 heat-treatment 








Degree of 
| Intergranular Attack 
| Severe I.G.A.! caused 
eventual replacement. 


Gross I.G.A. leading to 
failure. 


I.G.A. in H.A.Z.? of 
welds caused complete 
penetration of column 
trays. 


| Marked I.G.A. in 
H.A.Z. of welds. 


Severe I.G.A. in H.A.Z. 
of welds. 


1.G.A. in H.A.Z. 
of welds. 


Severe I.G.A. in H.A.Z. 
of repair welds leading 
to removal of vessel 
from service. 


I.G.A. in H.A.Z. of welds. 
Severe I.G.A. in H.A.Z. 
of weld causing failure. 


Severe I.G.A. in region 
sensitized by hard 
facing. 

Severe I.G.A. causing 
very high corrosion 
rates (0.026 in./mo.). 


Severe I.G.A. 

Band of severe I.G.A. 
and grain dropping 
around shell. 


Overall I.G.A. 

146 in, deep. 
Severe I.G.A. in H.A.Z. 
of weld. 


1.G.A. \ in. deep on all 
exposed surfaces. 


I.G.A. in heavier. 
sections of equipment. 


I.G.A. causing failure. 


I.G.A. leading to failure. 

Severe I.G.A. in H.A.Z. 
of weld causing 
leakage. 


of welded joints 
causing failure. 


1.G.A. 0.005 in. deep. 


Heavy I.G.A. 


Severe I.G.A. leading to 
metal disintegration. 


I.G.A. leading to % 
removal from service. 


I.G.A. in H.A.Z. of welds. | 


Severe I.G.A. leading to 
removal from service. 





| Reference 


65, 66 





15 


68, 69 


19 


15 


1ose stainless steels which were not designated as to type or which were merely designated as ‘‘18-8’' were assumed to be Type 302 stainless steel. 
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TABLE 1 (Continued)—Corrosive Service Environments in Which Austenitic Stainless Steels Have Under- 


en egret Attack 





























————— ; —== = 
| | 
Service Environment i | Condition of Steel 
Classification |————— —_—— ;————_| Length Type of | Responsible for 
of Service Solution and Tem- of Service Unit Under- Stainless | Intergranular Degree of | 
Environment | Concentration perature | Exposure | going Attack | Steel Attack Intergranular Attack. | Reference 
———$—$—————— ee ee eee = - ‘namical 
Miscellaneous | ‘ p Wire pickling Severe I.G.A. in H.A.Z. | 
Environment....| Pickling acid | basket | 304 As-welded of weld causing failure. | 74 
| | | Severe LG. A., grain 
‘ | | Sensitized by the dropping and inter- 
Phenol + naphthenic | | | i 750F service granular cracking 
acid 7 SOF 10 yr Heater tubes 316 temperature leading to failure. 75 
ic rude oil and its | | Fractionating | 5 Cireaaceelin fved< j | 
fractions | 2 yr | tower 304 | 1150-1200F | Severe I.G.A. 45 
Tree stumpage + ex- | | 
traction solvent for | | 
turpentine and rosin 6 mo Retort 302 As-welded I. G.: A. in H. A.Z. of welds. 45 
| | | | Heat-treated at Severe I. G. fe causing 
| | 1200F by complete penetration | 
Sea Water Warm 3 mo. Shaft 302 | mistake of shaft at keyway. | 41 
1]1.G.A. is an abbreviation for ‘‘intergranular attack.” 
2H.A.Z. is an abbreviation for ‘‘heat-affected zone.” 
8 Those stainless steels which were not designated as to type or which were merely designated as ‘‘18-8"’ were assumed to be Type 302 stainless steel. 


mium depletion theory still remains the 
most popular explanation for intergran- 
ular attack in austenitic stainless steels. 
However, this theory does not fit all of 
the experimentally observed facts con- 
cerning intergranular corrosion of stain- 
less steels. Consequently, other theories 
have been suggested. One of the simplest 
of these, first advanced by Kinzel,* is 
that selective corrosion at the grain 
boundaries is due to the strain and elec- 
trolytic effect (galvanic action) associ- 
ated with the actual presence of chro- 
mium carbides in the grain boundaries. 


Service Environments Causing 
Intergranular Corrosion of Austenitic 
Stainless Steels 


Although numerous technical papers 
on intergranular corrosion were written 
in the early thirties, few detailed descrip- 
tions were given of actual service failures 
of austenitic stainless steel due to inter- 
granular attack. For example, Aborn and 
Bain* state that “almost any sort of acid 
corrosion will proceed to develop the 
exaggerated intergranular attack,” but 
they fail to cite any of these acids or to 
provide other details. They point out that 
the effect of intergranular attack is more 
pronounced if there is “some moderate 
oxidizing agent present” to develop pro- 
tection of the grain faces against corro- 
sion. The scarcity of information con- 
cerning intergranular corrosion failures 
still existed as late as 1949 when the 
American Society for Testing Materials 
(ASTM) sponsored a “Symposium on 
Evaluation Tests for Stainless Steels.”*1® 
At that symposium, Brow n, DeLong and 
Myers’? commented that “probably the 
weakest point in our present knowledge 
of intergranular corrosion and our use 
of evaluation methods is lack of infor- 
mation on exactly which of the many 
and widely varied service environments 
for which stainless steels are employed 
will attack susceptible material inter- 
ganularly.” 

For these reasons, this literature sur- 
vey was made. Table 1, which summa- 


rizes the results of the survey, is a list of 
those service environments in which se- 


vere intergranular attack of austenitic 
stainless steels has been observed. 

The data in Table 1 show that inter- 
granular corrosion failures occurred in 
service environments involving at least 
seven common acids: acetic, hydrofluoric, 
lactic, nitric, phosphoric, sulfuric and 
sulfurous. Intergranular corrosion fail- 
ures have also occurred in such miscel- 
laneous environments as warm sea water 
and in crude oil plus its fractions. A re- 
cent publication's on the application of 
stainless steel in the chemical industries 
indicates that the following environments 
can also cause severe intergranular cor- 
rosion of stainless steel: chlorinated sol- 
vents, solutions acidified with hydro- 
chloric acid (e.g., starch slurry) and 
pickle liquors or sauces (these primarily 
cause intergranular pitting where car- 
bides are present 

Most of the intergranular corrosion 
failures listed in Table 1 occurred as a 
result of welding stainless steel contain- 
ing more than 0.03 percent C without 
subsequent annealing. However, some 
failures were due to stress-relieving heat- 
treatments, elevated service tempera- 
tures or inadequate final annealing treat- 
ments. 

The number of service failures of 
austenitic stainless steel due to intergan- 
ular corrosion has been greatly reduced 
over the past ten years. This reduction 
has largely resulted from improved fab- 
rication and heat-treatment practices and 
use of the low carbon (0.03 percent 
max.) or stabilized grades of stainless 
steel for service in the as-welded condi- 
tion. Occasional intergranular corrosion 
failures of austenitic stainless steel still 
occur, however.9 


Laboratory Test Solutions Causing 
Intergranular Corrosion of Austenitic 
Stainless Steels 

Tables 2 and 3 list those laboratory 
test solutions in which intergranular cor- 


rosion of austenitic stainless steels has 
been observed. Test solutions used by 
only one or two investigators are in- 


cluded in Table 2; the more widely used 
test solutions are listed in Table 3. It 
should not be inferred that these test 


environments will always produce inter- 
granular attack either in the laboratory 
or in service. 

All seven of the common acids which 
intergranularly attacked stainless steel in 
service (see Table 1) also produced in- 
tergranular corrosion in laboratory tests 
Tables 2 and 3). In addition to 
these seven acids, Streicher? found that 
inhibited solutions of boiling 10 percent 
formic, sulfuric and oxalic acids caused 
intergranular corrosion of Type 304 stain- 
less steel sensitized for one hour at 1250 
F. Laboratory tests also showed that 
ferric chloride solutions can produce se- 
intergranular attack on sensitized 
steel.7:2!_ A boiling 10 percent 
acid solution is unusual in that 
corrosion 


/ 
see 


vere 
stainless 
chromic 


it causes severe intergranular 
of austenitic stainless steel in the an- 
nealed as well as the sensitized condi- 


tion.?? 

Table 3 shows that the three corrosion 
tests‘2) most commonly used to determine 
the susceptibility of austenitic stainless 
steels to intergranular attack are (1) the 
boiling 65 percent nitric acid test, (2) 
the acidified copper sulfate test and (3) 


the nitric-hydrofluoric acid test. Only 
the first two of these tests have been 
standardized by the ASTM.?*-2425 The 
boiling 65 percent nitric acid test has 
found its widest use in this country; the 
acidified copper sulfate test has been 
more widely applied in Europe. Com- 


parison of the three tests listed in Table 
3 is available in the ASTM “Symposium 
on Evaluation Tests for Stainless 
Steels.”1617 Application of these three 
tests to welded samples has been re- 
viewed by Bloom and Carruthers?® and 
Thielsch.27 Each of the three tests is 
briefly discussed below as to origin, ap- 
plication, and limitations. 


Boiling 65 Percent Nitric Acid Test. 
This test, commonly called the Huey 
test after its founder,? was originally de- 
veloped to determine the general cor- 


rosion resistance of stainless steels to 


@) The electrolytic oxalic acid etching test was not 
included in Table 3 because it is not an actual 
corrosion test. However, this test is widely used 
to evaluate the susceptibility of austenitic stain- 
less steels to intergranular corrosion.” 
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TABLE 2—Laboratory Test Solutions in Which Austenitic Stainless Steels Have Undergone Intergranular 








Test Environment 

-— mre Types of 
Solution and Length of teel of 
Type of Solution| Concentration Tested! Sample? 


Remarks Reference 


Acetic Acid. 


Chromic Acid... 


Ferric 
Chloride 


Formic Acid 


Lactic Acid 


Nitric Acid 


Nitric and 
Hydrochloric 
Acids 


Oxalic Acid 


Phosphoric Acid 


Sodium Bisulfate 


Sulfamic Acid 


Sulfuric Acid 


Sulfurous Acid 


99.5% Acetic 
Acid 

10% Chromic 
Acid 


5% Ferric 


Chloride 
25% Ferric 
Chloride 


10% Formic Acid 


(Inhibited )® 


50% Lactic Acid 
85% Lactic Acid 


12.5% Nitric 
Acid 


55% Nitric Acid 
70% Nitric Acid 


6% Nitric + 
0.9% Hydro 
chloric Acid 
Inhibitor 
Added) 


10% Oxalic Acid 
(Inhibited )5 


60%, 70%, and 
85% Phos- 
phoric Acid 


10% Sodium 
Bisulfate _ 
Inhibited )® 


10% Sulfamic 
Acid 
Inhibited)5> 


0.1% Sulfuric 
Acid + 5-10% 
Ferric Sulfate 


0.5% Sulfuric 
Acid 


1% Sulfuric Acid 


3% Sulfuric Acid 


10% Sulfuric 
Acid 


(Air-Free) 


10% Sulfuric 
Acid 


10% Sulfuric 
Acid 


10% Sulfuric 
Acid 
Inhibited )5 


Saturated Solu- 
tion of 
Sulfurous Acid 


Boiling | 


Boiling | 


Boiling 


Cold 


Boiling 


Boiling 


Boiling 


Boiling 


Boiling 


210°F 


90-140F 


Boiling 


Boiling 


Boiling 


Boiling 


Boiling 


Boiling 


Boiling 


Boiling 


158F 


176F 


Boiling 


Boiling 


Cold 


Two otf 


“110 hr. 


2400 hr. 


Five 48-hr. 
Periods 
Two 48-hr. 
Periods 


96 hr. 


Three 48-hr. 


Periods 


One Hundred 
24-hr. 
Periods 


17 hr. 


1500 hr. 


I'wo 48-hr,. 
Periods 


2400 hr. 


2400 hr. 


20-170 hr. 


24-48 hr. 


15 hr. 


Two 48-hr. 
Periods 


24 hr. 


3 hr. 


1500 hr. 


2-3 days 


| 302 


304 


302, 304 


316, 317 


| Worthiteé | H.T 


302, 304 1 B! 


1 Ww here the stainless steel was duscsined only as 18-8, it was assumed to e Type 302. 


2 Sample condition is designated either ‘ 


eae 


for heat-treated or ‘ 


’ for welded. 


Heat treatments varied trom 1-1000 hr. at temperatures from 7000". 14005F" 
3 1.G.A, is used as an abbreviation for intergranular attack. 


x 




















4H. Pe Z. is owned as an abbreviation for heat-affected zone. 
5 Inhibited by the presence of ferric ions. 


® Worthite is a 20% Cr-24% Ni-3% 


Mild I.G.A. 


Produces severe 
1.G.A. on both 
annealed and 
sensitized stain- 
less steel 


Severe I.G.A. and 
disintergration 

I. G. A ant sugaring 
in H. A.Z.4 of weld 

Light grain dropping | 
No Increase in | 
in corrosion nasa 

.G. A. leading to 
high corrosion 
rate 

Definite 1.G. A. with 
increased corrosion 
rate 


Severe I. an A. and 
sugaring of surface 
| Bt G.A. resulting 4 in 

increased corrosion 
rate | 


large increase in 
corrosion rate 

Severe I.G.A. 
reflected in bend 
test 





’ Severe I, GA \. and 
grain dropping. 
Large increase in 
corrosion rate 

I. G. A. varied i in 
degree, but never 
caused a large in- 
crease in 
corrosion rate 

5 G.A . and grain 
dropping. Small 
increase in 
corrosion rate 


‘LG. ye “and grain 
dropping. Appre- 
ciable increase in 
corrosion rate 





| Severe I.G.A. on 
| steels containing 
0.12% C 


| Severe I.G.A. 


masked by ge neral | 

surface attack 
Severe LG. A. and 

grain dropping 


Definite I G.A 
le ading to crack- 
ing upon bending 


| Severe I. G.. A. and 


grain dropping 


| Severe I.G.A. ‘and 
extensive grain 
dropping 


| ‘Sev ere I. G.A. A. and 


grain dropping 
Large increase in 
corrosion rate 





| Severe I.G.A. with 
complete penetra- | 
tion of sample 
| 





Severe I.G.A. caused | 71 


| 1.G.A. tended to be | 77 


Mo-2% Cu-3% Si alloy. 
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boiling 65 percent nitric acid. In the 
article which first introduced the test,?§ 
Huey merely implied that the test was 
influenced by microstructural changes in 
the steel caused by heat-treatment. No 
data were given to support this impli- 
cation. 

Later, as related by Brown,?® it was 
learned that the test could be used to 
detect improperly heat-treated material 
that would be subject to severe inter- 
cranular attack in nitric acid service. 
‘hus, at first, the nitric acid test was 
ised as a simulated-service test. Then, as 
intergranular corrosion of improperly 
| eat-treated stainless steel was observed 
in service environments other than nitric 

id, the boiling 65 percent nitric acid 
test was used to detect possible suscep- 
bility to intergranular attack in these 

her environments as well. 


The nitric acid testing procedure as 

riginally described by Huey was the 
asis of an ASTM standard adopted in 

944.24 There has been little or no vari- 
tion in the test procedure used by var- 

Mus investigators.17,30,31,32,33,34,35,36 The 
‘itric acid test has always been a quanti- 

itive one based on the weight loss oc- 
curring in five 48-hour periods. Ellinger 
and Bibber?? have correlated the weight- 
loss measurements in the nitric acid test 
vith electrical resistance data and micro- 
scopic measurements of the depth of in- 
tergranular attack. 

The boiling 65 percent nitric acid test 
has often been criticized,!-%?35 but still 
remains one of the most widely used 
methods for evaluating the susceptibility 
of stainless steel to intergranular corro- 
sion. Most of the criticism has stemmed 
from either a misunderstanding as to the 
purpose of the test or the fact that the 
test is sensitive to the presence of phases 
other than carbides in certain grades of 
stainless steel, which is the case with 


Types 316L and 321. 


Acidified Copper Sulfate Test. The 
origin of the acidified copper sulfate test 
is a striking example of how chance lab- 
oratory or field observations often de- 
velop into items of major technical 
significance. The acidified copper sulfate 
test grew out of an investigation by W. 
H. Hatfield** of an intergranular corro- 
sion failure at a silver works in Sheffield, 
England. The failure was that of an 
austenitic stainless steel bar used for sup- 
porting articles in a pickling tank. The 
pickling solution was chemically ana- 
lyzed, and laboratory corrosion tests were 
made in individual components of the 
solution. These tests revealed that  sul- 
furic acid and copper sulfate were col- 
lectively responsible for the intergranular 
corrosion of the supporting bar (the cop- 
per sulfate was a corrosion product pro- 
duced by the pickling of nickel silver 
parts). The mixture formed by pickling 
nickel silver articles in a commercial sul- 
furic acid pickling solution became the 
basis of a widely used test for suscep- 
tibility to intergranular corrosion. 


The acidified copper sulfate test is 





» The ratio 7:10 was obtained +4 dividing the 
weight percentage of CuSO; (dehydrated) by 
the weight percentage of H2SOs.. 
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often referred to as the Strauss test.°® 
According to Payson,® Strauss was the 
first to suggest the use of the test in this 
country and consequently received most 
of the credit for its origination. How- 
ever, Hatfield’s claim*® to the origination 
of the acidified copper sulfate test is 
supported by others.1?;#° Strauss states’ 
that he learned of the test through an 
early edition of Monypenny’s book*! as 
translated into German by Schafer in 
1928. Strauss modified the original Hat- 
field solution into the 7:10 mixture) 
(10 percent copper sulfate (hydrated) - 
10 percent sulfuric acid by weight) listed 
in Table 3. 


Shortly after its introduction in this 
country, the acidified copper sulfate test 
was again modified to a 1:8 mixture by 
Rutherford and Aborn.1? They claimed 
that the reduction in copper sulfate con- 
tent increased the severity of intergranu- 
lar attack obtained with the test. This 
claim was later disputed by Rosenberg 
and Darr,*? who stated that the copper 
sulfate content in Aborn’s 1:8 solution 
was too low to prevent excessive general 
attack on many of the steels tested. As a 
result, Rosenberg and Darr used a 3:8 
mixture which was subsequently used by 
others17-33,43,36 and has now been tenta- 
tively proposed by ASTM as a “Recom- 
mended Practice for Conducting the 
Acidified Copper Sulfate Test for Inter- 
granular Attack in Austenitic Stainless 
Steels.”25 Previously, another ASTM 
specification? and the ASME Code‘ 
have specified use of the 1:8 mixture. 

Originally, the only criteria used to 
evaluate stainless steel specimens exposed 
to the acidified copper sulfate test were 
the presence of cracks after bending and 
the ring test, in which the corroded 
specimen is dropped on a hard surface 
of wood or stone. Rutherford and 
Aborn!® were among the first to use elec- 
trical resistance measurements for evalu- 
ating the degree of intergranular cor- 
rosion produced by the acidified copper 
sulfate test. A more detailed discussion 
of evaluation methods for the acidificd 
copper sulfate test has been given by 
Ebling and Scheil.45 

The principal limitations to the acidi- 
fied copper sulfate test are as follows: 
(1) long test times (500 to 1000 hr.) are 
required to develop maximum sensitivity 
to damaging carbide precipitation'® and 
(2) a quantitative evaluation requires 
electrical resistance measurements which 
are costly and time-consuming and which 
limit the dimensions of the specimen 
that can be used. 

Recent research by Rocha*® indicates 
that the rate of intergranular attack in 
an acidified copper sulfate solution can 
be greatly increased by placing the stain- 
less steel test specimen in contact with 
copper chips. It is claimed that the test- 
ing time can be reduced from 200 hours 
to 24 to 48 hours by using this tech- 
nique.*® 


Nitric-Hydrofluoric Acid Test. The 
origin of the nitric-hydrofluoric acid test 
is not at all clear. As far as can be de- 
termined, Becket and Franks*? and Pay- 
son’ first reported the use of a nitric- 
hydrofluoric acid solution for testing 


stainless steel. These investigators used 
the mixed acid solution to reveal carbide 
precipitation in the heat-affected zones of 
welded samples of austenitic stainless 
steel. 

According to Franks,‘® in 1929 it was 
found at Union Carbide and Carbon 
Research Laboratories, and at others, 
that a 158 F (70 C) solution containing 
1 to 3 percent hydrofluoric acid and 
about 10 percent nitric acid satisfactorily 
descaled the annealed 18 Cr-8 Ni stain- 
less steels. In a series of experiments, 
this solution was used to descale speci- 
mens of stainless steel which had been 
deliberately sensitized for laboratory test 
purposes. The sensitized specimens com- 
pletely disintegrated after a very short 
time due to intergranular attack by the 
nitric-hydrofluoric acid pickling solution. 
Because of its high sensitivity to precipi- 
tated carbides, the nitric-hydrofluoric 
acid solution was then used on welded 
samples to determine if the heat-affected 
zones were subject to intergranular cor- 
rosion. 

Later investigators!7.31,33,36,50,51,52,53 
have employed solutions varying in con- 
centration from 10 to 15 percent nitric 
and 2 to 4 percent hydrofluoric acid at 
temperatures ranging from 60 C to boil- 
ing (see Table 3). However, at the time 
of the ASTM “Symposium on Evalua- 
tion Tests for Stainless Steels,”!® use of 
a 10 percent nitric-3 percent hydrofluoric 
acid solution at 158 to 176 F (70 to 
80 C) seemed to have become standard 
practice. In most cases, specimens sub- 
jected to the nitric-hydrofluoric acid test 
were evaluated by appearance and weight 
loss; in one case, electrical resistance 
measurements were used.°° 

A_nitric-hydrofluoric acid solution is 
more potent than any other test solution 
in revealing susceptibility to weld decay 
(intergranular attack on the heat-affected 
zones of welded stainless steel) .1° Despite 
its potency, the nitric-hydrofluoric acid 
test has never been used on a quantita- 
tive basis for evaluation of stainless steel 
principally because it produces severe 
general corrosion on annealed material. 
The high general corrosion rates tend to 
obscure the weight losses caused by inter- 
granular attack, making quantitative 
evaluation by weight-loss measurements 
difficult. 

Recent work*‘ indicates that the nitric- 
hydrofluoric acid test can be quantita- 
tively applied to Type 316L stainless 
steel. The ratio of the corrosion rate for 
the sensitized condition to the corrosion 
rate for the annealed condition is used 
for evaluation rather than the absolute 
corrosion rate for the sensitized condi- 
tion. A ratio of approximately one 
showed that the sensitized specimen had 
corroded at the same rate as the an- 
nealed specimen and that no intergranu- 
lar corrosion had occurred. Where the 
sensitized specimen underwent serious in- 
tergranular attack and excessive grain- 
dropping, the ratio was generally 2.0 or 
more, 


Intergranular Corrosion as Related 
To Sigma Phase 


Little is known about the influence of 
sigma phase on the corrosion resistance 
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TABLE 3——Standard Laboratory Corrosion Tests Used to Determine the Susceptibility of Austenitic Stainless 


Title of |————— 
Test Solution and Concentration 


65% Nitric Acid 


Standard 
Nitric 
Acid 65% Nitric Acid 
Test? | 


Hatfield's Solution 
(3:4 Mixture)3 


111 g. CuSO4-5H20 (6.1%) 
98 g. Conc. H2SO« (8.1%) 
Water to make one liter 





Aborn’s Solution 


13 g. CuSO4-5H20 (0.87) 
47 ml. Conc. H2SO4 (7.9%) | 
Water to make one liter 


Acidified 
Copper 
Sulfate 
Test 





| New Standard Solution 
(3:8 Mixture)3 


| 100 g. CuSO4-5H20 (5.4% 
100 ml. Cone. H2SO4 (15.5%) 
| Water to make one liter 


| Boiling | 


Strauss or Krupp Solution 
(7:10 Mixture) 


10%, (100 g.) CuSO4-5H20(7.1%) 


10%, (100 g.) Cone. H2S04(9.6%) | 
80% (800 ml.) Water 


140F 


| 10% Nitric-2% 
Hydrofluoric Acid 


10% Nitric-3% 
Hydrofluoric Acid 
Nitric- 
Hydro 
fluoric 
Acid 
Test 


10% Nitric-4% 
Hydrofluoric Acid 
| Hot 
15% Nitric-3% 
Hydrofluoric Acid 


Nitric-Hydrofluoric Acid 
(No concentrations given 


Boiling 
| Boiling 


| Boiling | One 


Boiling | One 


|_———_—_ 


| Boiling 


Boiling | One 

(1:8 Mixture)3 |——__- | -_____- 
- | Boiling | Up to 

| Boiling | Up to | ~ 
| 1000 | 


| Boiling | One 


| Boiling | Up to 


| Boiling | 
Boiling 


Boiling | 


| 163F 


| Boiling 


Steels to Intergranular Corrosion 





| Elec- 

trical 
Resist- 

ance 


Bend 
Test 


Ring 
Test | 


Periods 
| 


72-hr. 
Period 


72-hr. 
Period 


Method Used to Evaluate I.G.A.1 


Weight 
Loss 


Remarks Reference 


Xx Standard A.S.T.M. 24 
test procedure 


Xx ) 37 


Original acidified 38, 40, 
copper sulfate test 77 





Studied effect of 
copper sulfate 
concentration 





1-56 days 





72-hr. 
Period 








| 
| 
| 1500 hr.} 





| br, 


X 
72-hr. 
Period 





A.S.T.M. and A.S.M.E. 
Code test procedure 





“New A.S.T.M. 
test Procedure 





X 


|j— 
| 
| 
| 
| 
| 


300 hr. 


Ip to 
2000 
hr. 


Up to 
1300 
hr. 





| 48 hr. 


Up to 
1000 
hr. 


Forty- 


Periods | 
| Four 
¥g-hr. 





Periods 


Five 
1-hr. 
Periods 


Periods 


Four 
4-hr. 
Periods 


| One 2-hr. 
Period 
Two 
| 4-hr. 
Periods 
| One 2-hr. | Xx 
| Period 


11.G.A. is used as an abbreviation for intergranular attack. 


2 The boiling 65% nitric acid test was standardized in 1933 only three years after its introduction. 








| Welded samples only 


| Welded samples only 


X Po 


| Welded samples only 


| First recorded use of 
this test (welded 
samples only) 





Therefore, reference is made only to the standard A.S.T.M. 


testing procedure. Reference (37) was included because it was the only one where electrical resistance measurements were used in conjunction with the nitric acid test. 
3 The ratios given for each mixture are the ratios of the copper sulfate content to the sulfuric acid content in weight per cent. 


of stainless steels.55:56.57 However, it has 
been established that sigma phase can 
cause accelerated corrosion of stainless 
steel in boiling 65 percent nitric acid and 
in hot, concentrated (40 to 80 percent) 
sulfuric acid solutions. Aside from these 
media, there has been no evidence to 
indicate that the presence of sigma phase 
is necessarily damaging to the corrosion 
resistance. Moreover, there are no rec- 
ords of field corrosion failures that can 
be directly attributed to sigma phase. 
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Effect of Sigma Phase on Standard 
Laboratory Corrosion Tests 

Of the three laboratory intergranular 
corrosion tests previously discussed, only 
the boiling 65 percent nitric acid test is 
sensitive to the presence of sigma phase. 
In the case of the standard nitric acid 
test, the form and distribution of the 
sigma phase in the steel determine its 
effect on the corrosion resistance. For 
example, sigma phase in the form of an 
envelope of extremely fine particles 


around the grains will cause severe in- 
tergranular corrosion to occur in boiling 
65 percent nitric acid,**5* but when the 
sigma phase is coalesced in the form of 
isolated pools in the grain boundaries, it 
has no effect on the nitric acid corrosion 
resistance.®8:>5 

Most of the experimental evidence 
concerning the effect of sigma phase on 
the nitric acid corrosion resistance is 
based on the behavior of Type 316L 
stainless stee].17:58:33,34 A number of in- 
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vestigators'”»33,34 have shown that if 
Type 316L stainless steel is sensitized 
1 to 2 hours at 1200 to 1400 F, it under- 
voes severe intergranular corrosion in the 
boiling 65 percent nitric acid but is not 
affected by either an acidified copper sul- 
fate solution or a 10 percent nitric-3 
percent hydrofluoric acid solution. The 
latter two testing solutions are capable 
cf producing severe intergranular attack 
ii carbides are present. Consequently, the 
nitric acid attack must have been caused 
by some other intergranular constituent 
sich as sigma phase.83,34 

In the studies described above, Binder 
aid Brown*’ were able to establish the 
presence of sigma phase by X-ray dif- 
faction techniques. They heat-treated a 
specimen of very low carbon (0.006 per- 
cont) Type 316L stainless steel for 10 
riinutes at 1380 F. In this condition, al- 
tnough its micro structure showed no 

‘idence of grain-boundary phases, the 
eel underwent severe intergranular at- 

ck in boiling 65 percent nitric acid. 
Despite the lack of microscopic evidence 

f phase changes, residues that were elec- 
rolytically isolated from the steel con- 
iined sigma phase (according to X-ray 
liffraction patterns of the residue). This 
ime steel after heat-treatment for 24 
hours at 1380 F contained clearly de- 
fined particles of sigma phase in the 
‘rain boundaries. In this form, the sigma 
phase had little or no effect on the nitric 
acid corrosion resistance. Franks, Binder 
and Bishop®® were among the first to 
recognize that, if the sigma phase in 
Type 316L stainless steel is coagulated by 
heat-treatment at 1600 F, it no longer 
has a detrimental effect on the nitric 
acid corrosion resistance. Many 
others?1,33,34,59,60 have verified this ob- 
servation. 

Cooke*! and Shirley®? have shown that, 
in the case of an 18Cr-8Ni-3Mo-1Ti 
steel, boiling 65 percent nitric acid ‘pref- 
erentially attacks ferrite which has been 
partially transformed to sigma phase. 
However, with complete transformation 
of the ferrite to sigma phase, the nitric 
acid attack is greatly reduced. Bloom 
and Carruthers?® have made similar ob- 
servations regarding ferrite in Type 316L 
stainless steel weld metal. They found 
that in the as-welded condition such fer- 
rite is selectively attacked in boiling 65 
percent nitric acid but not in acidified 
copper sulfate or in 10 percent nitric-3 
percent hydrofluoric acid solutions. It 
was postulated, therefore, that partial 
transformation of the ferrite to sigma 
phase during the welding cycle was re- 
sponsible for the nitric acid attack. 


Effect of Sigma Phase on Media Other 
Than Standard Laboratory Corrosion 
Vests 

The only corrosive environment, other 
than nitric acid, which has been reported 
in the literature as having attacked sigma 
phase in austenitic stainless steels is 25 
percent sulfuric acid at 40 C. Smith and 
30wen,®? and later Cooke,®! showed that 
vhen sigma was present in an 18Cr-8Ni- 
3Mo-1Ti steel, the corrosion rate in 25 
percent sulfuric acid at 40 C was twelve 
imes that for the annealed condition. 
In this case, approximately half of the 





original ferrite content (40 percent) had 
been transformed to sigma phase by heat- 
treatment for 4 hours at 1380 F). 

The same investigators observed that 
in less corrosive media, such as 5 percent 
sulfuric acid at 40 C or acidified boiling 
ammonium sulfate solution, there was no 
decrease in corrosion resistance due to 
sigma phase. Others®* have likewise 
pointed out that sigma phase may seri- 
ously increase the corrosive attack in hot, 
strong (40 to 80 percent) sulfuric acid 
solutions but that it is generally not 
harmful in more dilute (1 to 5 percent) 
solutions of hot sulfuric acid. 
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TECHNICAL COMMITTEE ACTIVITIES 


Technical Practices Committee Members Named 


Maitland and Battle 


Appointed Chairmen; 
New Members Listed 


*, J. Maitland of American Telephone 

. Folomaee Co., New York, N. Y., has 
een appointed chairman of the Tech- 
ical Practices Committee, succeeding 

ce ae United Gas Corp., Shreve- 
sort, La. Jack L. Battle of Humble Oil 
X Refining Co., Houston, has been ap- 
ointed vice chairman. 

Chairmen of Group Committee 1, 3, 

7 and 9, who are members of the 
‘echnical Practices Committee, have 
een appointed also. 

Mr. Maitland has been active in 
NACE since 1944 and has written sev- 
eral technical papers presented at na- 
tional conferences and published in 
CORROSION. He is chairman of 
Technical Unit Committee T-2B on 
\nodes for Impressed Currents, Unit 
Committee T-4B on Corrosion of Cable 
Sheaths and also Task Group T-4B-1 on 
Lead and Other Metallic Sheaths. 

He is electrolysis and protection en- 
gineer with his company’s Long Line 
Department. A graduate of Worcester 
Polytechnic Institute in electrical engi- 
neering and former faculty member of 
the University of New Hampshire, he 
has devoted his career to corrosion con- 
trol, cable construction and maintenance 
methods of long distance telephone 
cables. 

Vice Chairman Battle, who succeeds 
Mr. Maitland in that office, is supervis- 
ing chemical engineer in Humble’s Pro- 
duction Department. He has been with 
Humble since 1933, In 1952 he helped 
organize Unit Committee T-1H on Oil 
String Casing Corrosion. He has served 
as chairman of Group Committee T-1 
for the past two years, the Oil and Gas 
Production Symposium at the 1958 and 
1959 Conferences and 1958 South 
Central Region Meeting. He is also a 
member of eight other NACE com- 
mittees. 

An active member of NACE since 
1944, Mr. Battle is also a member of 
the American Petroleum Institute, Min- 
ing and Metal Engineers and the Amer- 
ican Chemical Society. Several of his 
technical papers have been published in 
CORROSION and other technical pub- 
lications. 


New Group Committee Chairmen 

New chairmen of Technical Group 
Committees 1, 3, 5, 7 and 9 have been 
appointed and become members of the 
Technical Practices Committee: 

T-1 on Corrosion in Oil and Gas Well 
Equipment: W. C. Koger, Cities Service 
Oil Co., Bartlesville, Okla., succeeds 
Jack L. Battle, who has been T-1 chair- 
man for two years, After graduating 
from the University of Arkansas with a 
BS in chemical engineering in 1944, Mr. 
Koger joined Cities Service, where he 
is head of the Corrosion and Oil Treat- 
ing Section of the Oil Production Di- 











Maitland Battle 





Koger Dillon 


vision. An active NACE member since 
1951, he helped organize the West Kan- 
sas Area T-1H Task Group, has been 
chairman of Unit Committee T-1H and 
has been vice chairman of Group Com- 
mittee T-1 for the past two years. 


T-3 on General Corrosion: Dale A. 
Vaughan, who succeeds A. H. Roebuck, 
is affiliated with Battelle Memorial Ins- 
titute, Columbus, Ohio. An active 
NACE member since 1944, he is a grad- 
uate of Ohio State University with 
majors in physics and math. His work 
in corrosion has been the application of 
X-ray and electron diffraction methods 
to the study of corrosion products and 
passivating films. 

T-5 on Corrosion 
Process Industries: C. P, Dillon, Union 
Carbide Chemicals Co., Charleston, W. 
Va., succeeds R. I. Zimmerer as chair- 
man. An active NACE member since 
1950, Mr. Dillon is chairman of Unit 
Committee T-5A and a member of sev- 
eral other committees. He has a BS in 
chemistry from Georgetown University 
and holds membership in ACS and ASM. 


T-7 Corrosion Coordinating Commit- 
tee: C. L, Mercer of Southwestern Bell 
Telephone, Houston, who succeeds C. 
A. Erickson as chairman, is one of the 
original members of NACE and cur- 
rently is chairman of Committee T-7D, 
South Central Region Corrosion Co- 
ordinating Committee and is vice chair- 
man of Task Group T-4B-5 on Non- 
Metallic Sheaths and Coatings. 


T-9 on Marine Biological Deteriora- 
tion: Albert P. Richards, president of 
William F. Clapp Laboratories, Inc., 
Duxburg, Mass., who succeeds C. M. 


Problems in the 
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Wakeman as T-9 
chairman, has been a 
NACE member for 
two years. A gradu- 
ate of the Univer- 
sity of Massachusetts, 
he has been in ma- 
rine deterioration re- 
search and consult- 
ing work for over 15 
years. He holds mem- 
bership in several 
professional organi- 
zations and societies 


in addition to NACE. 


Mercer 





Group Committee T-] 
Hears Unit Reports 
Given at New Orleans 


Technical Group Committee T-1 on 
Corrosion of Oil and Gas Well Equip- 
ment heard reports from its unit com- 
mittees at the New Orleans meeting last 
October. Summary of the reports is 
given below. 

T-1A 


Unit Committee T-1A on Corrosion 
of Oil and Gas Well Equipment, Los 
Angeles Area reported that two meet- 
ings were held since the 1958 Confer- 
ence in San Francisco. At the April 
meeting, internal casing corrosion in the 
Los Angeles Basin was discussed; at the 
June meeting an inspection tour of the 
water injection facilities in the Long 
Beach Harbor area was held. Also, a 
general discussion of corrosion in water- 
flooding operations was held, and a 
paper was presented on the subject of 
bacteriological methods used in evaluat- 
ing corrosion and plugging problems in 


waterfloods. 
T-1B 


Unit Committee T-1B on Condensate 
Well Corrosion is primarily concerned 
with completion and corrosion control 


(Continued on Page 72) 


New Committee 
Planned On Marine 
Deterioration 

A committee under Technical 
Group T-9 on Marine Biological 
Deterioration is being consid- 
ered and will be concerned with 


barrier coatings and their ap- 
plication. 

Persons interested in joining 
this committee should contact 
Roger H. Hopkins, Roger Hop- 
kins Company, 15 North Euclid, 
Pasadena, Cal. 


















































































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Fenner 


NEW CHAIRMEN for 

Unit Committees T-5D 

on Plastic Materials of 

Construction and T-3B 

on Corrosion Products 

have been elected. T-5D 

chairman is R. E, Gack- 

enbach of American 

Cyanamid Co., New 

York, N. Y. T-5D vice 

chairman is Otto H. 

Fenner of Monsanto 

Chemical Co., St. Louis, 

Mo. Chairman of T-3B 

Roebuck is A. H. Roebuck, West- 

ern Co., Midland, Texas, who was re-elected. 
T-3B vice chairman is Dale A. Vaughan of 
Battelle Memorial Institute, Columbus, Ohio. 


Gackenbach 


TECHNICAL 
REPORTS 


on 


HIGH PURITY WATER 
CORROSION 


Symposium on Corrosion ' High Purity 


Water by Committee 3F on High 
Purity Water which includes: 

Introduction to Symposium on Corrosion 
4A een Water by John F., 
cKel, 


Corrosion of Structural Materials in 
High-Purity Water by A. H. Roebuck, 
C. R. Breder and S. Greenberg. 

Corrosion Engineering Problems in High- 
Purity Water by D. J. DePaul, 

The Importance of High-Purity Water 
Data to Industrial Applications by 
W. Z, Friend. Per Copy. . ; 

Symposium on Corrosion by High Purity 
Water. Five Contributions to the 
Work of NACE Technical Committee 
T-3F on High Purity Water. Pub. 
57-22. 

Measurement of Corrosion Products in 
High Temperature, High Pressure 
Water Systems by A. S, Sugalski and 
S. |. Williams. 

Corrosion of Aluminum-Nickel Type Al- 
loys in High Temperature Aqueous 
Service by F. H. Krenz. 

Corrosion of Aluminum in High Purity 
Water by R. J. Lobsinger and J. M. 
Atwood. 

The Storage of High Purity Water by 
Richard R. Dlesk. 

Water Conditions for High Pressure 


Boilers by D. E. Voyles and E. C. 
Fiss. Per Copy 


$1.50 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Matico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 


19th Committee Joins 
Coordinating Group 


The Toledo and Northwestern Ohio 
Committee on Corrosion becomes the 
19th committee to affiliate with NACE’s 
Group Committee T-7 Corrosion Co- 
ordinating Committee and the third 
committee to affiliate directly with Unit 
Committee T-7B North Central Region 
Corrosion Coordinating Committee. 

The Ohio committee officers are 
Chairman L, H. West, associated with 
Standard Oil Co., Fostoria, Ohio, Vice 
Chairman O. J. Mauter of Ohio Bell 
Telephone Co., Toledo, and Secretary I. 
H. Heitkamp, associated with Toledo 
Edison Co. 

The committee voted to affiliate with 
T-7B at its January meeting in Toledo. 

The Ohio committee functions as a 
clearing house for exchange of engineer- 
ing information on corrosion problems 
arising in the territory of Toledo and 
northwestern Ohio. Three regular meet- 
ings are held each year in January, 
April and October with special meetings 
called when required. 


Mauter 


Heitkamp 


Unit Committee T-1B Hears 
T-1B-1 Task Group Report 


Technical Unit Committee T-1B on 
Condensate Well Corrosion discussed 
Task Group T-1B-l’s report (Well 
Completion and Corrosion Control of 
High Pressure Gas Wells) which has 
been published in the February issue of 
CORROSION. The task group plans 
to meet this year to discuss any new in- 
formation concerned with high pressure 
wells. If no new information and no 
need to continue the task group are pre- 
sented, the group plans to recommend 
to T-1B that the task group be 
abandoned. 


The problem of emulsion in gas con- 


densate systems was discussed also at 
the T-1B meeting held in New Orleans. 


J. A. Caldwell Elected 
Vice Chairman of T-1 


J. A. Caldwell, 
senior research eng'- 
neer with Humble 
Oil & Refining Cc., 
Houston, has been 
elected vice chair- 
man of Group Com- 
mittee T-1 on Cor- 
rosion in Oil and 
Gas Well Equip- 
ment. He succeeds 
W. C. Koger, who 
becomes committee 
chairman. 


Caldwell Mr. Caldwell has 
a MS in physics from Louisiana State 
University and has been an active 
NACE member since 1946. He has been 
chairman of Unit Committee T-1D, 
chairman of the Houston Section and is 
presently chairman of the South Central 
Region. 


Group Committee T-1— 


(Continued From Page 71) 


of high pressure wells through the 
T-1B-1 Task Group, which prepared a 
report presented at the Oil and Gas 
Symposium at the South Central Region 
Meeting in New Orleans. 


T-1C : 
T-1C Unit Committee on Sweet Oil 
Corrosion presented a report of its 
meeting concerned with the use of in- 
hibitor squeezes. The report classified 
squeeze treatment into three types: 
short, medium and long. Between 250 
and 300 wells were reported to have 
been squeeze-treated by 12 companies. 
Twenty-four of these wells were con- 
sidered failures in regards to corrosion 
control; the remainder were considered 
successful, a percentage of 91. The suc- 
cess or failure of a well was based on 
iron counts, caliper surveys and/or 
failures. 


T-1D 

Unit Committee T-1D has three task 
groups: T-1D-2 West Texas-New Mex- 
ico, T-1D-3 Western Kansas and 
T-1D-4 on Oilfield Pumps. During the 
past six months, activities have centered 
around a study by the West Texas-New 
Mexico Task Group covering inhibitors, 
pump corrosion, sucker rods and tubing, 
plastic pipe and tanks, storage tanks and 
treaters. A questionnaire was sent to 
100 operators with 20 operators mailing 
returns covering 8992 wells, of which 
2971 were considered corrosive. Ca- 
thodic protection was being used to pro- 
tect about 62 percent of the heater 


treaters. 
T-1K 


Unit Committee T-1K on Inhibitors 
for Oil and Gas Wells gave a report 
from its Task Group T-1K-1 (Testing 
inhibitors for sour crude use) that a 
second edition of a standard screening 
test for sour crude inhibitors has been 
prepared and distributed. 

T-1K is considering the formation of 
a new task group on new methods of 
approach, the subject of film persistency 
and other items not covered by other 
task groups of the committee. 


Deadline for news stories in CoRROSION is 
the tenth of the month. 
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TECHNICAL COMMITTEE ACTIVITIES 


CHROMATE COMPOUNDS 
STOP CORROSION before it starts! 


Long before the first drop of water 
contacts metal in any large recircu- 
lating water system, steps should be 
taken to prevent corrosion. 

Early in the design stage, plan on 
adding a chromate inhibiting com- 
pound to recirculating water—from 
the moment operation starts. That 
way, clean metal stays clean. Chro- 
mate inhibiting compounds will also 


Mutual® Chromium Chemicals 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 


SOLVAY PROCESS 
DIVISION 
61 Broadway, New York 6, N. Y. 


Mutuat Chromium Chemicals are available through dealers and 
Sotvay branch offices located in major centers from coast to coast. 


Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 
Koreon (one-bath chrome tan) 


arrest corrosion in older systems 
that have been operating without 
protection, even where rust and 
scale make it more difficult for in- 
hibitors to reach and protect the 
metal. 

Chromates work two ways: they 
make waters non-corrosive while 
making metal surfaces corrosion- 
resistant. Chromate inhibiting com- 
pounds are easy and inexpensive to 


Please send: 


Cx] 
hemical 


Name 
Company__ 
Street_ 
Cty... 


ia eS oe 


use. Since conditions and equipment 
vary, a variety of compounds are 
available to meet individual require- 
ments. 

For the names of manufacturers 
of corrosion inhibiting compounds 
containing Mutual Chromium 
Chemicals, or information on Mu- 
tual Chromium Chemicals, mail the 
coupon below. 


MUTUAL CHROMIUM CHEMICALS 
SOLVAY PROCESS DIVISION 
Allied Chemical Corporation 

61 Broadway, New York 6, N. Y. 


(] List of manufacturers of corrosion inhibiting 
compounds. 


—] Booklet “Mutual Chromium Chemicals.” 
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Cathodic Protection 


CPS Undertakes Largest 


SINGLE PACKAGED 
Pipe Line Protection Job 


Houston Texas Gas and 





: : Sixty- 
Oil Corporation selected . 
CATHODIC PROTECTION . ae 
SERVICE to design and in- teld Jur 
stall a complete cathodic pro- hoe 
tection system for their new River weights on Polyken coated 24” line going into the swamps of Florida. ent aff 
natural gas pipeline. This line os 
runs from Baton Rouge, Lou- _gaton rouce n June 
2 f ; a : Progr 
isiana, to Miami, Florida, cov- dae 
ering a distance of 1616 miles. 

This is the largest single eine. 12:00—1: 
packaged pipeline cathodic Houston Texas Gas and Oil Exhibit 
protection job yet undertaken. en ee 1 :30—3:0 

eae i a MIAMI Fundan 

CPS is in a unique position sultant 
to handle just sant job... package, CPS can immediately "Some, 
2 . . sion: ° 

eee “4 * ae pon eee ‘tj, follow the laying contractor, ce 

g ~ * 4° . enc 

wes P eee sapiens a providing complete protection Metals 
gation on any new pipeline. to the pipeline system soon pores 

° ° . ). é 

after the last foot of pipe is sociation. 

laid. In addition to the cathodic Company 

protection package, CPS also Miller, in 

serves as a central source of Geomel 

supply for other materials 3:15 —4:4 

which were used on this pipe- woe 

line, Les. Polyken polyethylene This represents a package within a package Fundan 

tape. Maloney type 57 plastic which CPS can deliver: (1) L&M gas line owe 

. pe Po y yp p marker (2) Gas vent with cover (3) Test Instrun 

casing insulators and the L&M__stead box with lead wires. Ame 

pipeline markers, casing vents W PS bel; Riordan, 

Vv Carbon 

and test lead boxes. l; : ae tivian al —e RY. & 

The Maloney type-57 Insulator chosen for relations Ip 1S essentia among ground I 

the Houston Texas Gas and Oil Corporation manufacturer, supplier and cus- as 

are tomer. We know through ex- [ff pany of 
CPS has its own engineering perience that ties of this sort ir 
. ° . *,'% «xhidt 
crews who obtain the informa- mean more initial and repeat 
tion necessary to complete the business. If you are consider- 

° 4 » ° ° ° ‘ e . e :30—10: 
detailed design of a cathodic ing a similar big pipeline job, Med” 
protection system. Plus this, why not talk it over with us Mee 
CPS furnishes all materials, and see how our single pack- ale 
labor, equipment and engineer- eee eee aged cathodic protection can Benson, 
in o supervision to install The Polyken method that allowed the con- give you cost-cutting advan- Edison C 

© : r tractor to lay an average of better than A i Plastic 

cathodic protection on a pack- 10,000’ of 24” pipe a day. tages. It will cost you nothing pee 

2 + . ’ 10 CO W.. -&. 

aged basis. Because it is a Cable Address — CATPROSERV to find out. Cathod 
a © e age Well 

Co., and 

cathodic protection service | °..’ 

fen ts 

. 0. Box 6387 Houston 6, Texas JAckson 2-5171 ‘ Protec 

CHICAGO CORPUS CHRISTI DENVER NEW ORLEANS ODESSA TULSA Gas"Co. 


122 S. Michigan Blvd., Rm. 964 


WEbster 9-2763 


1620 South Brownlee 


TUlip 3-7264 CRestview 9-2215 


(Golden) P. O. Box 291 


1627 Felicity 
JAckson 2-7316 


5425 Andrews Hwy. 4407 S. Peoria 
EMerson 6-6731 Riverside 2-7393 
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Course to Be Given 
In 64 Classes and 
Field Demonstrations 


Sixty-four classes and field demon- 
s rations have been scheduled for the 
fourth Annual Appalachian Under- 
e-ound Corrosion Short Course to be 
leld June 2-4 at West Virginia Univer- 


sty in Morgantown. . 
Hugh P. Godard, new NACE presi- 


ent affiliated with Aluminum Labora- 

ries Ltd., Kingston, Ontario, Canada, 

ill give one of the opening addresses 
June 2. 

Program for the short course is given 

elow. 


Tuesday Afternoon, June 2 


12:00—1:30 
Exhibits and Luncheon 


1:30—3:00 

Fundamentals of Corrosion: G. C, Cox con- 
sultant 

Field Practices: L. H. West, Standard Oil 
Lo. 

Some Fundamentals of Lead Cable Corro- 
sion: K. E. Sawyer, Western Union Telegraph 
Co, 

Expendable Anodes: T. Lennox, Federated 
Metals Division, American Smelting and Re- 
fining Co. 

Corrosion Resistance of Cast Iron Pipe: 
D. W. Johnson, Cast Iron Pipe Research As- 
sociation. 

Asphalt Coatings: A. J. Hoiberg, 
Company. 

Corrosion Testing Instruments: M. C. 
Miller, instrument manufacturer. 

Polyvinyl Chloride Pipe: A. H. 
General Tire & Rubber Co. 


3:15—4:45 


Fundamentals of Corrosion: W. A. Koehler, 
West Virginia University. 

Fundamentals of Plant Testing for Under- 
ground Corrosion: A. W. Peabody, Ebasco 
Services, Inc. 

Instrumentation and Equipment: A. L. 
Ayres, New Jersey Bell Telephone Co. 

Expendable Anode Applications: M. A. 
Riordan, Rio Engineering Co. 

Carbonate Deposits for Pipe Protection: 
R. F. McCauley, Michigan State University. 

Use of Wax Coating for Protecting Under- 
ground Pipe: R. Moehl, Trenton Corporation. 

Corrosion Resisting Characteristics of Alu- 
minum Alloys: M. E. Carlisle, Aluminum Com- 
pany of America. 


6 :00—9 :00 
Exhibits and Movies at Field House 


Flintkote 


Henning, 


Wednesday Morning, June 3 


8:30——10:00 

Mud Tub Demonstration: C. A. 
Jr., Peoples Natural Gas Co. 

Construction Practices: W. R. Curley, Roy- 
ston Laboratories, Inc. 

Fundamentals of a Corrosion Survey: E. K. 
Benson, New York Telephone Company. 

Pipe Type Cables: W. A. Sinclair, Detroit 
Edison Company. 

Plastic Coated Pipe: H. M. McDaniel, Re- 
public Steel Corp. 

A New Concept in Recording Voltmeters: 
W. H. Bollinger, Electrical Instruments. 

Cathodic Protection of Casings in Gas Stor- 
age Wells: W. R. Lambert, United Fuel Gas 
Co., and G. Campbell, West Virginia University. 


10:15—11:45 


Electrochemical Principles: C. M. 
Jr., Equitable Gas Co. 

Protection of Gas Service Lines in Non- 
Stray Current Areas: P. P. Skule, East Ohio 
Gas Co. 
Interpretation 


Erickson, 


Rutter, 


of Survey Data in a Stray 





Appalachian Short Course 





NACE NEWS 





Date Set for June 2-4 





PROGRAM COMMITTEE of. the Appalachian Underground Corrosion Short Course are shown 
above planning course sessions set for June 2-4 at West Virginia University in Morgantown. 
They are from left to right: Charles W. Beggs, Public Service Electric & Gas Co., Newark, 

J., C. L. Brown, U. S. Beureau of Mines, Pittsburgh, Pa., Art Erickson, Peoples Natural Gas 


Co., ‘Pittsburgh, Pa., 
Telephone Co., Buffalo, N. Y., K. 


Charles Rutter, Equitable Gas Co., Pittsburg, Pa., Ed Benson, New York 
E. Sawyer, Western Union Telegraph Co., 


Boston, Floyd G. 


Cole, Orange & Rockland Utilities, Inc., Middleton, N. Y., P. L. Knott, Dresser Industries, 
Bradford, Pa., James L. Mills, United Natural Gas Co., Oil City, Pa., Hugh W. Hetzer, Union 


Carbide Chemicals Co., South Charleston, 


W. Va., 
Wynnewood, Okla., Charles Stoneking, Hope Natural Gas Co., Clarksburg, W. Va., 
Cook, Jr., Pipe Line Service Corp., Glenwillard, Pa., 


Frank B. Burns, Kerr-McGee Oil Co., 
William 
Herb Byrns, Columbia Gas Service Corp., 


Columbus, Ohio, and Frank E. Costanzo, Manufacturers Light & Heat Co., Pittsburgh, Pa. 


Program chairman is Charles Rutter. 





Current Area: E. G. Carlson, Bell Telephone 
Company of Pennsylvania. 

Rectifier Installations and Protection: L. O. 
McCormick, Baltimore Gas & Electric Co. 

Water Pipeline—Exterior Corrosion Control: 
H. R. Ludeker, Electro Rust-Proofing Corp. 

Hot Applied Tapes: J. B. Casey, Tapecoat 
Company. 

Instruments Used 
surements: L. M. Bull, 
& Heat Co. 

Weather Versus Cathodic Protection: F. E. 
Costanzo, Manufacturers Light & Heat Co. 


in Soil Resistivity Mea- 
Manufacturers Light 


Wednesday Afternoon, June 3 


12:00—1:30 
Exhibits and Luncheon 


1:30—3:00 


Fundamental Analysis of avee, Current Cor- 
rosion: P. Hort, Atlantic Pipe Line Co. 

Demonstration of a Theory of Cathodic Pro- 
tection: H. F. Byrns and W. F. Taylor, Colum- 
bia Gas System Service Corp. 

Interpretation of Survey Data in the Non- 
Stray and Current Area: W. Ackerman, 
American Telephone and Telegraph Company. 

Rectifier Units for Cathodic Protection: B. 
Husock, Harco Corp. 

Corrosion and Its Control in Public Water 
Systems: L. Haynes, West Virginia Water 
Service Corp. 

Cold Applied Tapes: L. L. Whiteneck, 
Plicoflex, Inc. 

Electrical Holiday Detectors: J. P. 
Tinker and Rasor. 

Microbiological Corrosion of Underground 
Structures: F. E. Kulman, Consolidated Edison 
Company of New York. 


Rasor, 


3:15—4:45 

Electrolysis Current Related to a Distribu- 
tion System: G. J. Powers, Equitable Gas Co. 

Application. of Cathodic Protection: D. A. 
Tefankjian, Texas Eastern Transmission Corp. 

Electrolysis Currents Related to a Power 
Cable System: D. /, Kissinger, Duquesne 
Light Company. 

Practical Interference Testing: R. L. 
Tennessee Gas Pipeline Co. 

Elements of Water Transmission Corrosion: 
W. L. LaDue, Bureau of Water Supply, De- 
partment of Public Service 

Coal Tar Epoxy Coatings: N. T. 


Seifert, 


Shideier, 
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Pittsburgh Coke & Chemical Co. Earth Current 
Meter: F. E. Costanzo, Manufacturers Light & 
Heat Co. 

A Report on the Effectivenesss of_Armored 
Gaskets in Couplings for Cathodic Protection 
of Gas Distribution Lines: G. D. Kish, Dres- 
ser Industries. 


6:00—9:00 
Exhibits and Motion Pictures 


7:00 
General Committee Dinner Meeting 


Thursday, Morning, June 4 


8:30—10:00 

Soil Bacterial Corrosion: Roger E. 
Manufacturers Light & Heat Co. 
Intermediate Analysis of Stray Current Cor- 
ceeen T. S. Watson, Socony Mobil Oil Co., 
nc 

Corrosion Surveys and Mitigative Measures 
of Power Cables in Non-Stray Current Areas: 


McVey, 


Harry Neugold, Jr., Electro Rust-Proofing 
Corp. 

Design and Installation of Cathodic Protec- 
tion: N. P. Peifer, Manufacturers Light & 
Heat Co. 


Cold Water Corrosion of Copper—Related 
Problems: M. E. Flentje, American Water 
Works Service Co., Inc. 

Review of Properties of Coal Tar Coatings: 
W. F. Fair, Jr.. Koppers Company, Inc. 


(Continued on Page 77) 


April Issue to Cover 
Chicago Conference 


Reports of the 15th Annual 
NACE Conference in Chicago 


will be published in the April 
issue of CORROSION. The con- 
ference was being held as this 
issue went to press. 
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Dallas Conference ———e— pas 
Plans for 1960 Are . = & Sy | Call: 


Coburn Priest Robbins 


Norris 


e 
Making Progress 62 
Cor! 
Plans are well advanced for the 16th Stands 
NACE Conference to be held in Dallas, thd 
March 14-18, the first annual conference is i ; Con 
in the Southwest in eight years, The : , La Deans 
1960 Corrosion Show will be given con- = f Edu 
currently with the conference. waite 
; : : Gleekman Jeffares Oak I 
All conference meetings will be held Ridge 
in the Dallas Memorial Auditorium on Ele. 
two floors above the exhibit area where = __ ; Deed 
the 1960 Corrosion Show is scheduled. i York 
J. C. Spalding, Jr., Sun Oil Co., Dal- , ’ Gan 
las, is chairman of the General Con- P a Uniees 
ference Committee. Vice chairman is J. , 4 : Pa 
Gordon Meek, Metal Goods Corp., wn, - : 4 ; Hie 
pe T ‘nal P ' f , Westi 
Co-chairmen of the Technical Pro- ae 4 wae: 4 Pittsb 
gram Committee are S. K. Coburn, As- ’ Saal nanan > i 
sociation of American Railroads, Chi- ; ' 4 " Mar 
cago, and David K. Priest, Pfaudler ’ 4 e Resea 
Co., Rochester, N. Y. 7 4 4 Charle 
Other chairmen are S. D. Hodgdon, ~ ? : : S Oil 
Metal Goods Corp., Dallas, exhibits; T. . Teves 
E. Catlow, Galloway’s Pipe Guard, ; 5 PIP 
Houston, publicity; K. W. Robbins, Kittredge Gackenbach Plantz 
Otis Engineering Corp., Dallas, regis- Pla: 
tration; and R. A. McCarthy, Hill, Hub- / ' Ine, J 
bell and Co., Dallas, entertainment. : 4 Pro 
Mdms. R. A. McCarthy and J. C. bach, 
Spalding, Jr., both of Dallas, will be in York, 
charge of the Ladies’ Program. ; i Ref 
Chairmen for the 16 symposia sched- ere. a F : 1 —— Amer: 
ule for the 1960 Conference are listed “ ‘ q - or Util 
below: a Vi eee ' “ South 
Cathodic Protection: H. C. Boone, ~. / fs : ’ 
Peoples Light, Gas and Coke Co., es N ‘ Mi a 1959 
Chicago. , — K: | be he 
Chemical Industries: L. W. Gleek- 1 , Califo 
man, Wyandotte Chemical Corp., : ot 
Wyandotte, Mich. South 
(Continued on Page 77) English ie initia be he 
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Plans for 1960 Corrosion Show Are Given 


Advance information on the 1960 Corrosion Show.to be held in Dallas 
March 15-17 concurrently with the 16th NACE Conference is available 
by writing R. W. Huff, Jr.. NACE Exhibits Manager, 1061 M & M Bldg., 
Houston 2, Texas. Advance folders on the Corrosion Show were dis- 
tributed at the Chicago Conference last month. The 1960 show will be 
the first national NACE exhibition held in the Southwest since the 1952 


meeting at Galveston. 


The advance folders give pertinent in- 
1rmation for exhibitors and contains a 
oor plan of the 115 booths available. 
he show will be held in the Dallas 
\femorial Auditorium, which offers 
iany advantages to exhibitors including 
asy accessibility to the exhibit area 
rom the meeting rooms which are in 
he same building. The auditorium is 
iirly new with ample parking and load- 
ng space. 

All booths will be 8 x 10 feet with 
iecessary connections for water, drain- 
ge, electricity and air. Booths will be 
irranged to give best traffic flow to as 
nany booths as possible. 

Meeting rooms for the technical ses- 
ions of the annual conference will be on 
the two floors above the exhibit area. 
Stairs at both ends of the exhibit area 
ead to these rooms. 

The number of booths available for 
he 1960 Corrosion Show is smaller than 
the number available for previous NACE 
shows, according to Mr. Huff, so those 
nterested in the exhibit should make 
reservations early. 


Dallas Conference — 
(Continued From Page 76) 


Corrosion in the Missile Industry: 
Noble Ida, Martin Co., Denver, Colo. 

Corrosion Inhibitors: A. J. Freedman, 
Standard Oil Co., of Indiana, Whiting, 
Ind. 

Corrosion Principles: W. S. Quimby, 
Texas Co., Beacon, N. Y. 

Educational Lectures: J. L. English, 
Oak Ridge National Laboratories, Oak 
Ridge, Tenn. 

Elevated Temperature: D. W. Mc- 
Dowell, International Nickel Co., New 
York, W.¥. 

General Corrosion: W. L. Mathay, 
ne States Steel Corp., Monroeville, 

a. 

High Purity Water: B. G. Schultz: 
Westinghouse Atomic Power Division, 
Pittsburgh, Pa. 

Marine: R. O. Norris, Cities Service 
Research and Development Co., Lake 
Charles, La. 

Oil and Gas: W. C. Koger, Cities 
Service Oil Co., Bartlesville, Okla. 

Pipe Line—General: G. M. Jeffares, 
Plantation Pipe Line Co., Atlanta, Ga. 

Plastics: J. B. Kittridge, Duriron Co., 
Inc., Dayton, Ohio. 

Protective Coatings: R. E. Gacken- 
bach, American Cyanamid Co., New 
Yorkin: ¥. 

Refining Industry: W. Janssen, 
American Oil Co., Texas City, Texas. 

Utilities Industries: C. L. Mercer, 
Southwestern Bell Telephone, Houston. 

@ 
1959 Western Region Conference will 
be held Sept. 29-Oct. 1 at Bakersfield, 
California, at Bakersfield Inn. 

* 
Southeast Region’s 1959 meeting will 
be held in Jacksonville, Fla., Oct. 1-2. 





Missile Industry Corrosion 
To Be New Symposium Topic 


Corrosion in the Missile Industry is 
a new symposium included among the 
16 to be given at the 16th Annual Con- 
ference in Dallas. 

Other symposia are on cathodic pro- 
tection, corrosion inhibitors, protective 
coatings, corrosion principles, general 
corrosion, corrosion at elevated temper- 
atures and corrosion problems in the 
chemical, marine, oil, gas, plastic, utili- 
ties, pipe line and refining industries. 

Co-chairmen in charge of the 1960 
Technical Program are S. K. Coburn, 
Association of American Railroads, 
Chicago, and David K. Priest, Pfaudler 
Co., Rochester, N. Y. 


‘61 and '62 Dates Are Set 
For Annual Conferences 


Dates and locations for two more an- 
nual conferences have been set. 

The 17th Annual NACE Conference 
and 1961 Corrosion Show will be held 
March 13-17, 1961, at the Hotel Statler in 
Buffalo, N.Y. 

The 18th Annual Conference and 1962 
Corrosion Show have been set for March 
18-22, 1962, at the Municipal Auditorium 
in Kansas City, Mo. 


Appalachian Course — 


(Continued From Page 75) 


Pipe Locators: J. H. Reynolds and E. E. 
Gross, Norfolk Redevelopment and Housing 
Authority. 

New Coupling Developments to Speed Field 
Joining and Protection of Pipe: G. D. Kish, 
Dresser Industires. 


10:15—11:45 

General Corrosion Control Practices: J. A. 
Schauers, Atlantic Pipe Line Company. 

Safe Operating Pratcies Related to Electrical 
Current Flows Upon Natural Gas Pipe Line 
Structures: I. E. Davis, Ohio Fuel Gas Co. 

Bonding and Ground (Power): A. S. 
Brooker, Public Service Electric & Gas Co. 

Duties of a Coating Inspector: John B. 
Vrable, New York State Natural Gas Co. 
_ Reference Electrodes: T, J. Maitland, Amer- 
ican Telephone and Telegraph Co. 

Corrosion Problems in the Chemical and 
Metallurgical Industries: W. W. Hodge, Mel- 
lon Institute of Industrial Research. 

Wrought Iron—Its Production, Properties 
and Performance: H. K. Seifers, Jr., M. 
Byers Company. 


Thursday Afternoon, June 4 


12 :00—1:30 
Exhibits 


1:30—3:45 

Field Domonstrations: 
to soil potentials, surface potentials, line  cur- 
rent measurements, magnesium anode installa- 
tion, cathodic protection with rectifier, other 
underground structures and summary of demon- 
stration. 


e 

The 1959 North Central Region Meet- 

ing will be Oct. 20-22 in Cleveland, 
hio. 


Soil resistivity, pipe 
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COMPLETE 
CORROSION 
SERVICE... 


Wayne A. Johnson, president, 
and his associates in Corro- 
sion Rectifying Co., Inc., are 
well-known corrosion preven- 
tion specialists with head- 
quarters in Houston and 
Southeastern Divisional of- 
fices in New Orleans. Their 
work is concentrated on de- 
signing and installing corro- 
sion rectifying systems for 
pipelines, refineries and oil 
producing companies. Call on 
them for prompt and experi- 
enced surveys, systems and 
materials. 


© SURVEYS 

© FEASIBILITY STUDIES 
© DESIGNS 

© INSTALLATIONS 

© EQUIPMENT 


WAYNE A. JOHNSON 
President 





JAMES T. CONDRY 
Southeastern 
Division Manager 





CORROSION RECTIFYING CO., INC. 


5310 Ashbrook MO 7-6659 
P. ©. Box 19177 HOUSTON, TEXAS 


































































































































































































































































Wheatlake 










































































































































































































































































McKinnel 














CORROSION—-NATIONAL ASSOCIATION OF CORROSION 





Fugazzi 





Goodrich 





Hartkemeier 





Becker 








Kent Hopkins 





Sinton 


Chairmen Appointed 
For 1960 Conference 
Meeting in Denver 


Committee chairmen have been se- 
lected for the 1959 South Central Re- 
gion Conference to be held in Denver, 
Colo., Oct., 12-16 at the Cosmopolitan 
Hotel. Tentative schedule for the con- 
ference also has been set. 

Chairmen of the conference com- 
mittees are as follows: 

General Arrangements: G. E. Bur- 
nett, Bureau of Reclamation, Denver 
Federal Center, Denver, 

Local Arrangements: J. F. Fugazzi, 
Public Service Company of Colorado, 
Denver. 

Housing Subcommittee: Bryan Pat- 
terson, Hill-Hubbell Company, Denver. 

Entertainment Subcommittee: Steve 
Mossholder, Dresser Manufacturing Co., 
Denver. 

Transportation Subcommittee: B. K. 
Wheatlake, manufacturer’s representa- 
tive, Denver. 

Ladies Program Subcommittee: Mrs. 
Frances L. Goodrich, Denver. 

Tours Subcommittee: P. W. Lewis, 
3ureau of Reclamation, Denver Federal 
Center, Denver. 

Technical Program Committee: Chair- 
man Leonard W. Hartkemeier, Colo- 
rado School of Mines, Golden, and Vice 
Chairman William P. McKinnell, Jr., 
Ohio Oil Co., Littleton, Colo. 

Properties and Projection Subcom- 
mittee: Gale W. Hodgkin, Armco 
Drainage and Metal Products, Inc, 
Denver. 

Finance Committee: Henry K. Becker, 
Wyco Pipeline Co., Denver. 

Registration Subcommittee: Edward 
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L. Kent, Jr.. Kohler-McLister Paint 
Co., Denver. 
Publicity Committee: John R. Hop- 
kins, Protecto Wrap Co., Denver. 
Printing Subcommittee: M. H. Sin- 
ton, Colorado Interstate Gas Cu, 
Aurora, Colo. 


Conference Schedule 

Tentative schedule for the conference 
is as follows: 

Technical Committee Meetings: Cc- 
tober 12, 13 and 14. 

Symposia meetings: October 14 a:d 
15. 

Tour of Bureau of Reclamation Fn- 
gineering Laboratories: October 16. 

Social and Business Events: Trust-e 
Luncheon, October 13; Fellowsh'p 
Hour, October 13; Authors’ Breakfast, 
October 14; Dinner-Dance, October 14; 
and annual Luncheon, October 15. 


Technical Program 

Four symposia are scheduled with 
two others being planned in addition to 
two educational lectures. The four 
symposia already set are Corrosion in 
Oil and Gas Production, Corrosion in 
the Pipe Line Industry, Corrosion in 
Fresh Water and Corrosion in the 
Utilities and Communication Industry. 

Plans are being made to include 
symposia on Corrosion in the Chemical 
Process and Refinery Industries and 
High Temperature Corrosion in the 
Atomic Age, according to Mr. Hartke- 
meier, chairman of the technical pro- 
gram, 

° 
Permian Basin Section heard Floyd 
Blount of Magnolia Petroleum Com- 
pany speak on non-destructive testing 
of oil field tubular goods at the Feb- 
ruary meeting. 
& 


Corpus Christi Section held a_ special 
joint meeting with the Corpus Engi- 
neering Societies in February. Guest 
speaker at the banquet meeting was 
Edwin Vennard, managing director of 
the Edison Electric Institute, New 
York City. 

aR 
Shreveport Section had M. J. Oliver, 
Arkansas Fuel Oil Corp., as speaker at 
the March meeting. He spoke on ca- 
thodic protection maintenance, 

The section’s April 7 meeting will be 

in the Caddo Hotel. 

2 


North Texas Section held a panel dis- 
cussion at its March meeting on the 
subject “Cathodic Protection for the 
Oil Producing Industry.” Moderator 
was J. C. Spalding, Jr., Sun Oil ‘Co, 
Dallas. Guest panelists were Jim Landers 
of Continental Oil Co., Ponca City, 
Okla., and M. D. Folzenlogen of At- 
lantic Refining Co., Dallas. 

At the section’s February meeting, 
William H. Wade of the University of 
Texas spoke on radiation effects on 
corrosion, 

@ 


Teche Section guest speaker for the 
March meeting was M. A. Riordan of 
Rio Engineering, Houston. Harry 
Waldrip of Gulf Oil spoke at the Feb- 
ruary meeting on paints and epoxy 
resins, 
e 

East Texas Section heard M. J. Olive, 
Arkansas Fuel Oil Corp., speak at the 
February meeting on “Application of 
Cathodic Protection in the Oil Field.” 
He discussed various types of installa- 
tions and maintenance of cathodic pro- 
tection systems. 


April, 1! 
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ULSA CORROSION SHORT COURSE regis- 
rants saw this demonstration of the use of 
ne Pearson holiday detector during the Feb- 
uary 11-13 tenth annual course given at 
Aayo Hotel, Tulsa. W. E. Huddleston, Engi- 
eering Co., (left) is shown pointing out some 
t the features of the foot electrode worn by 
embers of the team using the Pearson de- 
ice. Registration for the course was over 215. 


ij 
‘Western Region News 





San Francisco Bay Area Section will 
hold its April 8 meeting at Spenger’s 
lish Grotto, 1919 Fourth St., Berkeley, 
Cal. Aaron Wachter of Shell Develop- 
ment Corp., Emeryville, Cal., will dis- 
cuss volatile corrosion inhibitors. The 
discussion will include various inhibitor 
types, how they work, their suitablity, 
specific applications and their future 
possibilities. 

Section officers for 1959 installed at 
the February meeting are President- 
Chairman John P. Fraser of Shell De- 
velopment Corp., Emeryville, Cal., Vice 
Chairman Roy O. Dean of Pacific Gas 
& Electric Co., Emeryville, and Secre- 
tary-Treasurer John W. Caldwell of 
the Bunker Hill Co., San Francisco. 

® 


Portland Section heard Robert S. Bayn- 
ham of Dearborn Chemical Company 
speak on treatment of boilers at the 
February meeting. R. V. Moorman, 
past section chairman affiliated with 
Bonneville Power Administration, Port- 
land, was appointed chairman of a 
special committee to consider a corro- 
sion control short course to be held 
in Portland in the near future. 

Frank Nisbett of Shell Oil Co., An- 
acortes, Washington, spoke on “Or- 
ganization and Functions of a Corro- 
sion Control Department” at the March 
meeting. 

« 

The Western Region Conference is sched- 
uled for September 29-30, October 1, 1959, 
at Bakersfield, Cal. 


NACE regional and sectional secretaries 
who do not have a supply already may 
get copies of the form “News Report for 
Corrosion” from Central Office on re- 
quest. The form helps in providing a com- 
plete news story concerning meetings, The 
news deadline for Corrosion is the tenth 
of the month preceding month of issue. 





NACE NEWS 79 


GACO N-700A 


Neoprene Maintenance Coating 













Provides lasting protection against corrosive fumes, 
splash and weathering, yet requires no acceleration or 
heat cure! Improved formulation of performance- 
proven GACO liquid neoprene has better brushability 
and color stability, can be brush applied to a thickness 
of 314 mils in a single coat or hot sprayed, and. coats 
over old or new neoprene without lifting the under 
coating. Write for details on how “lower applied cost” 
GACO N-700A can save you maintenance dollars. 










































THE MARK OF CORROSION PROTECTION 





















FOR HEAVY-DUTY CORROSION SERVICE 
THE GACO CORROSION PROTECTION SYSTEM 


Challenge: When paint or ordinary corrosion protec- 
tion products won’t do the job, specify GACO. A 
complete line: Neoprene, Natural Rubber, Vinyls, 
Liquids, Sheet, Putties . . . performance-proven in ap- 
plications throughout the world. And A Complete 
Service. There’s a GACO Corrosion Specialist in your 
area prepared to serve your needs. Write for further 
information—we’ll forward case studies of interest. 













THE MARK OF CORROSION PROTECTION 
GATES ENGINEERING COMPANY 


Wilmington 99, Delaware 
PIONEER LEADER IN PROTECTIVE COATINGS 






AUTHORIZED DISTRIBUTORS IN PRINCIPAL CITIES U.S.A. AUSTRALIA « BELGIUM 
ENGLAND « FINLAND e FRANCE « ISRAEL » JAPAN » NORWAY « OKINAWA 
PHILIPPINE ISLANDS ¢ PUERTO RICO @ SWEDEN. IN CANADA: GACO PRODUCTS 


LTD., BRANTFORD, ONTARIO. 
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THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


20-inch gas main site-wrapped 
with versatile Polyken tape 


a 


Upper New York State utility company turns to Polyken tape 
to get the job done fast...and sure...in congested areas 


This is the tape that’s making big- 
inch pipeline news this year. Made 
of tough, inert polyethylene, Polyken 
tape offers proven protection against 
the corrosive effects of moisture, soil 
chemicals and electrolytic current. 


And here, on a site-wrapping job 
in a congested city area, it provides 
another major advantage: simplicity 
of application. 


Tape saves headaches 
You know the complications of using 
a hot coating in a place like this. 
Easy-to-apply Polyken tape does 


away with these problems. 

It goes on, as you see, right off the 
roll— without heat, liquids, solvents 
or thinners. Saves time, labor and 
equipment costs. 

Now you know why more and more 
utility companies are turning to site 
or over-the-ditch wrapping for their 
distribution lines with time-tested, 
time-and money-saving Polyken tape. 

For further information, contact 
your nearest distributor listed on 
next page or write: Polyken Sales 
Division, 309 W. Jackson Blvd., 
Chicago 6, Illinois. 


Experienced in modern 
PROTECTIVE COATINGS 


THE KEN DALI, COMPANY 
Polyken Sales Division 








rn 
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on 
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Poluken 


PROTECTIVE COATINGS 
DISTRIBUTORS 


Atlanta, Georgia 
Steele & Associates, Inc. 


Chicago, Illinois 
Sales Engineering Inc. 


Cincinnati, Ohio 
Hare Equipment 


Cleveland, Ohio 
The Harco Corp. 
Denver, Colorado 
Patterson Supply 


Des Moines, lowa 
Donald Corporation 


Fort Worth, Texas 
Plastic Engineering & Sales Corp. 


Harvey, La. 
Allen Cathodic Protection 
Company, Inc. 


Houston, Texas 
Cathodic Protection Service 


Kansas City, Missouri 
Industrial Coatings Engineering Co. 


Long Beach, Calif. 
Barnes & Delaney 


Minneapolis, Minn. 
Simcoe Equipment Co. 


Philadelphia, Pa. 
Harold N. Davis Co. 


Plainfield, New Jersey 
Stuart Steel Protection Corp. 


St. Louis, Missouri 
Shutt Process Equipment Co. 


San Francisco, Calif. 
Incandescent Supply Co. 


Seattle, Washington 
Farwest Corrosion Control Corp. 


Seattle, Washington 
Pacific Water Works Supply Co. 
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Water Conditioning 
Discussed by Panel 


A panel discussion on “Miracle Water 
Conditioners” held at the January meet- 
ing of the Genesee Valley Section con- 
cluded that water conditioning, for any 
specific purpose, is an engineering prob- 
lem requiring individual appraisal and 
solution and that the simple cure-all 
mechanical device for water condition- 
ing has not been invented. 

Panel members were G. L. Cox, 
Whitehead Metals Inc., R. N. Stenerson, 
Carrier Corp., D. K. Priest, Pfaudler- 
Permutit Co., R. C. Tucker, Niagara 
Mohawk Power Co., and D. Jordan, 
Hagan Chemicals & Controls, Inc. 

Technical claims of several water 
conditioning devices were discussed, in- 
cluding the magnetic type that is 
claimed to eliminate scaling, soften 
water and prevent corrosion in numer- 
ous kinds of water systems. The panel 
stated that most manufacturers’ litera- 
ture has little technical data to support 
claims and is based on users’ testi- 
monials. 


A panel member reported having seen 
one unit fail to produce the advertised 
claims, but the operator presumably 
thinks he is getting good service. 

Another device creates the appear- 
ance of retarded scale build-up because 
more frequent blow-downs of the boiler 
system are specified, but corrosion had 
not been reduced as claimed, according 
to another panel member. 

Consensus of the panel comments and 
discussion indicated that evidence based 
upon known and accepted principles 
shows that these devices cannot ac- 
complish what is claimed of them. The 
panel suggested that prospective users 
should examine the situation thoroughly 
before making an investment or a re- 
placement of a proven chemical means 
of water treatment. 

This problem is discussed in the 
following literature: Eliassen, Skrinde 
and Davis, “Experimental Performance 
of Miracle Water Conditions,” Journal 
American Water Works Association, 
Vol. 50, No. 10, Oct., 1958; Welder and 
Partridge, “Practical Performance of 
Water Conditioning Gadgets,” Indus- 
trial & Engineering Chemistry, Vol. 
46, No. 5, May, 1954. 


Niagara Frontier Section held an after- 
noon meeting in March at the Buffalo 
Forge Company, Buffalo, N. Y. The 
meeting’s topic was “Corrosion of Ma- 
terials” and was given before the Buf- 
falo Forge Student Engineering Group. 
2 
Kanawha Valley Section appointed a 
committee to stimulate interest in cor- 
rosion work among high school and 
college students by inviting selected 
students to section meetings. Committee 
members are W. H. Williams, chair- 
man, Jack Bates and Lewis Wright. 
Section officers for 1959 recently 
elected are Chairman W. G. Mathews 
of Columbian Carbon Co., Vice Chair- 
man K. R. Gosnell of Union Carbide 
Chemicals Co., Secretary William J. 
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Foster and Treasurer R. L. Davisson 
of Union Carbide Chemicals Co. 

Art Erickson of Peoples Natural Gas 
Co., Pittsburgh, Pa., spoke on Coatings 
for Cathodic Protection of Under- 
ground Pipelines at the March meeting. 

° 


Central New York Section held a din- 
ner-dance for its March meeting. The 
February meeting featured a talk by 
Charles Thomson of Budd Co., Phil- 
adelphia, Pa., on Radiographic Weld 
Inspection. Paul Noble of Republic 
Steel showed one of his company’s 
movies on coatings. 

New officers recently elected are 
Chairman Hendric Van Droeffleaar, Du 
Pont of Canada, Waitland, Ont., and 
Vice Chairman Gordon Watt of James 
Watt Co., Syracuse, N. Y. 

° 


Genesee Valley Section heard David 
Priest of Pfaudler-Permutit, Rochester, 
N. Y., present preliminary results of 
the salt corrosion tests in which the 
section cooperated. The tests were run 
to determine whether inhibitors placed 
in salt for city streets would decrease 
corrosion on automobiles. The cities in- 
volved were Buffalo and Syracuse 
where no inhibitor is used and Roch- 
ester, where inhibitors are used. Fifty 
panels measuring 6 x 3% inches for 
mounting under automobiles and trucks 
were sent to each city. Preliminary re- 
sults indicate that corrosion is de- 
creased when an inhibitor is used in 
the street salts. 
8 

Lehigh Valley Section had a talk on 
precoating surface preparation of steel 
by Joseph Bigos of U. S. Steel at its 
March meeting. 

A field trip through the research lab- 
oratories of Carpenter Steel Company 
is planned for the May 16 meeting. 


Southeast Region News 


Miami Section has set Nov. 16-20 as 
the dates for its 1959 Key Biscayne Cor- 
rosion Control Short Course to be held 
at the Key Biscayne Hotel in Miami. 
Joe Prime: Jr., has been appointed short 
course director and John Burns, secre- 
tary. 





Carolinas Section officers for 1959 are 
Chairman Ray G. Penrose, Aluminum 
Company of America, Charlotte, N. C., 
Vice Chairman Robert H. Gardner, Jr., 
Koppers Co., Inc., Charlotte, N. C., and 
Secretary-Treasurer David B. Ander- 
son, International Nickel Co., Inc., 


Wrightsville Beach, N. C. 

The section’s April 17 meeting will 
feature a talk by T. P. May on recent 
corrosion studies at the Kure Beach 
Harbor Island testing stations. 

Ss 


Over 226,000 copies of the NACE tech- 


nical committee reports have been dis- 


tributed. 
° 


Deadline for news stories in CoRROSION is 
the tenth of the month. 
® 


Corrosion’s index appears in December. 










































































































































































































































































































































































































Union-type end connectors, full-flow, quick 
opening, non-porous, never stick or gall, 
lightweight. 14” to 4” I.P.S. 


“Chem-Check”® 


<pmebemamnanemend 
Full-flow, designed for minimum of head 
loss. New principle of seat seal for high 
and low pressure. 14” to 2” I.P.S. 





“Chem-Cock”® 
Teflon sealed, non-sticking full-flow cock 
for corrosion-service applications, 44” and 
1%," |.P.S. and hose connectors. 


ag 


VALVE 


“ ° 2 2 
Micro 4 , 
Meter”® _~ 
Precise metering control and recording of 


settings, non-scaling, gall-proof needle. Re- 
sists internal, external corrosion. 14”N.P.T. 





sure positive, “non-stick” seating in corro- 
sive and scaling conditions. 14” N.P.T. 


me ee ee ee ae 


Chemtrol valves, manufactured from a va- 
riety of plastic materials, are engineered 
for a wide range of corrosive environments, 
temperatures and pressures. Write for our 
handbook on plastic piping systems. 
Distributor stocks nationally. 


a4 i cHEMTROL 


110872 Stanford Ave. 
i Lynwood, California 
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Chicago Section will send a subscrip- 
tion each year of Corrosion to the John 
Crerar Library in Chicago, starting with 
1960. The action was in response to 
an appeal from the library for Chicago 
scientific societies to help the library 
with rising costs. The Crerar Library 
is regarded as a valuable source of 
technical information to engineers and 
scientists in the Chicago area, accord- 
ing to Section Chairman H. C. Boone. 

K. R. Walston of Standard Oil of 
Indiana will speak at the April 21 sec- 
tion meeting on How to Paint Tanks 
Economically. 


SECTION 


CALENDAR 





April 
2 West Kansas Section. 


6 North Texas Section. 
7 Shreveport Section. Caddo Hotel. 
8 Metropolitan New York Section. 


Military Park Hotel, Newark, N. J. 
Discussion of various types of recti- 
fiers. 

San Francisco Bay Area Section. 

Spenger’s Fish Grotto. Berkeley. 

Volatile Corrosion Inhibitors, by 

Aaron Wachter, Shell Development 

Corp. 

14 Baltimore-Washington Section. Film 
and speaker on corrosion problems 
in nuclear reactors. 

16 Detroit Section. Accelerated Test- 
ing of Protective Coatings, by Bill 
Cushing, Carboline Company, St. 

Louis. 

17 Carolinas Section. Recent Corrosion 
Studies at the Kure Beach Harbor 
Island Testing Stations, by T. P. 
May. 

21 Chicago Section. How to Paint 
Tanks Economically, by K. R. Wal- 
ston, Standard Oil Co. (Ind.). 

21 Cleveland Section. Cleveland Engi- 
neering and Scientific Center. Pro- 
tective Coatings, by Stanley Lopata. 

28 Panhandle Section. 

30 Teche Section. Petroleum Club. 


May 

5 Shreveport Section. Caddo Hotel. 

7 West Kansas Section. 

3 Greater Boston Section. Water 

Treatment, by Rolf Eliassen, MIT. 

16 Lehigh Valley Section. Field trip 
through research laboratories at 
Carpenter Steel Company, 

19 Cleveland Section. Cleveland Engi- 
neering and Scientific Center. Panel 
discussion led by R. Weast. 

19 Chicago Section. Corrosion Prob- 
lems in Water Treatment, by John 
R. Baylis, Chicago City Water 
Dept. 

21 Kanawha Valley Section. Parkers- 
burg, W.Va. Solid Plastic Materials. 

21 Teche Section. Petroleum Club. 

21 Detroit Section. Metallography—A 
Tool in Corrosion Research, by 
W. K. Boyd, Battelle Research In- 
stitute. 

25 Atlanta Section. 


oo 


26 Panhandle Section. 


North Central Region News 





Detroit Section will have the topic 
“Accelerated Testing of Protective 
Coatings” discussed by Bill Cushing, 
Carboline Co., St. Louis, at the April 16 
section meeting. 

W. K. Boyd of the Corrosion Re- 
search Division of Battelle Researc. 
Institute will discuss “Metallography—- 
A Tool in Corrosion Research” at th: 
May 21 meeting. 


NATIONAL and REGIONAL 
MEETINGS and 


vee=| SHORT COURSES 





1959 


Sept. 29-30, Oct. 1—Western Region 
Conference. Bakersfield Inn, Bakers- 
field, Cal. 

Oct. 1-2—Southeast Region. Jackson- 
ville, Florida. 

Oct. 5-7—Northeast Region. Lord Balti- 
more Hotel, Baltimore, Md. 

Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. Cosmopolitan Hotel. 


Oct. 20-22—North Central Region, 
Cleveland. 

1960 

March 14-18—16th Annual Conference 


and 1960 Corrosion Show. Dallas, 
Texas, Memorial Auditorium. 

Oct. 11-14—Northeast Region Meeting. 
Huntington, W. Va. 

Oct. 19-20—North Central Region. Mil- 
waukee. 

Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 


1961 


March—17th Annual Conference and 
1961 Corrosion Show. Buffalo, N. Y., 
Hotel Statler. 


Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 


1962 


March—18th Annual Conference and 
1962 Corrosion Show. Kansas City, 
Municipal Auditorium. 


October 16-19—South Central Region 
Conference, Hilton Hotel, San An- 
tonio, Texas. 


SHORT COURSES 
1959 


June 2-4—Teche Section. Corrosion 
Control Short Course, Southwestern 
Louisiana Institute, Lafayette. 


June 2-4—Appalachian Underground 
Corrosion Short Course, West Vir- 
ginia University, Morgantown. 

June 22-26—Massachusetts Institute of 
Technology Advanced Short Course in 
Fundamentals of Corrosion Reactions 
and Corrosion Control, Cambridge. 

December 7-11—University of Illinois 


Corrosion Control Short Course. Ur- 
bana Campus. 
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SECTION AA‘ 









PROTECTION OF 
90,000 SQUARE FEET 
OF STEEL IN SEA WATER 


A corrosion engineer was given the problem of 
protecting a floating dry dock in a salt water 
harbor. 

After a corrosion survey, the engineer decided 
to use impressed current cathodic protection 
and “National” NA graphite anodes for the 
submerged outside surface. 

Six 12” x 12” x 72” NA graphite anodes, located 
as shown above on the harbor bottom, are con- 
nected to the positive sides of six rectifiers. Each 
anode is discharging approximately 110 amps 
at 8.5 volts. 

Large (approximately 600 lbs.) rectangular 
anodes were chosen to minimize movement on 
the bottom with tide currents. Two 125’ leads 
of 4/0 rubber insulated cable provide a low re- ' 
sistant path between anodes and rectifiers. ee ont 

The system has been in operation since 1955. 
Semi-annual inspections show complete protec- 
tion with negative potential readings to a cop- 
per-copper sulphate reference cell greater than 
0.85 volts. 









































Vitter] 
“National”, ‘‘N’”’ and Shield Device, and ‘‘Union Carbide’’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY « Division of Union Carbide Corporation * 30 East 42nd Street, New York 17, N. Y. 


SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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B-K Rectifiers are CUSTOM ENGINEERED 
for Superior Performance 


aed offers a complete line of superior 
rectifiers for cathodic protection of pipelines, = 
tanks, standpipes and towers. Corrosion costs can be 
eliminated or greatly reduced when you use 
B-K cathodic protection equipment. = =§»_— 


, "EE CHECK THESE B-K 
im A . big RECTIFIER 


ADVANTAGES: 

CHIC mea cy 
TCC MC Ley 
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. All-welded, heavy- 
gauge steel case— 
COT CRU ty tts) 
COC TTP A} 
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OR bey 

B-K manufactures a 

MD mL 

quality corrosion test 
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testing requirement. 


For complete information on Brance-Krachy 
rectifiers, instruments and other cathodic protection 


BRANCH OFFICES: equipment, write, wire or call 
CORPUS CHRISTI 
643 N. PORT 


PH. TU 2.9451 
BEAUMONT 
1050 RAILROAD RGAUCE a 5 @ C 
PH. TE 3-2679 ga . 


4411 NAVIGATION © HOUSTON © PHONE CA 5-6661 















Israel Is Establishing 
Marine Corrosion Station 


A marine corrosion testing station is 
eing established at Elath in Israel. It 
will cooperate with International 
Jickel’s Harbor Island Test Station in 
jorth Carolina. Operations are sched- 
led to begin this summer. 

General conditions at the Gulf of 
lath are 15 percent higher salinity 
han the Mediterranean, average sea 
rater temperature of 25 C and intense 
iarine fouling. 

Persons interested in testing products 
t the station should contact D. Spector, 
NACE member, at Citrus House, 22 
‘farakevet St., Tel Aviv, Israel. 


Houston Paint Convention 
To Be Held April 23-25 


Several papers of probable interest to 
corrosion engineers will be given during 
the 17th Annual Southwestern Paint 
Convention to be held April 23-25 at 
the Shamrock-Hilton Hotel, Houston. 

The papers are “Use of Silicone Or- 
ganics in Maintenance and Trim 
Enamels,” “Liquid Epoxy Resins for 
Coatings,” ‘“Polyamides in Solventless 
Coating Systems,” “Polyesters for Sur- 
face Coatings” and “Technique for Ap- 
plying Thick Paint Films.” 


Corrosion Conference Set 
At New Hampshire College 


Gordon Research Conferences on cor- 
rosion will be held July 20-24 at Colby 
Junior College, New London, N. H. A 
conference on physical metallurgy is 
scheduled for June 22-26. 

Topics for the corrosion conference 
are Nature of Metal Seurfaces as Re- 
vealed by Friction and Wear Measure- 
ments, Kinetics of Oxidation Processes 
and Inhibition of Corrosion Reactions. 


Additional information can be ob- 
tained by writing W. George Parks, 
Director, Department of Chemistry, 
Loe of Rhode Island, Kingston, 

ap 


ASME Design Engineering 
Conference to Be May 25 


Material selection in design, mechan- 
ical aspects of design, and power and 
control in design will be featured at 
the 4th annual Design Engineering 
Conference May 25-28 in Philadelphia. 
The conference is sponsored by the 
machine design division of ASME. 

Some of the papers to be presented 
are “‘Engineering Design Overseas,” 
“Latest Development in Plastics for 
High Temperature Service” and ‘Latest 
Developments in Metals and Ceramics 
for High Temperature Service.” 
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SOIL BURIAL TEST PROGRAM conducted by Bell Telephone Laboratories has included the burial 

of about 11,000 pieces of telephone equipment in the damp soil near Bainbridge, Ga. The smaller 

samples are attached as shown above to a polyethylene plastic rod for burial at 18 and 6-inch 

depths. The metal strips at the upper end of the rod are identification tags which will be above 

ground. Purpose of the test is to determine how well the equipment withstands exposure to damp 
soil with no protection. 


Telephone Equipment Pieces Are Buried 
For Long-Term Soil Deterioration Test 


About 11,000 pieces of telephone 
equipment have been buried outside 
Bainbridge, Ga., by Bell Telephone 
Laboratories in a long-term soil test to 
determine the effect of dampness and 
high biological activity. 

Batches of the equipment will be dug 
up at 1, 2, 4, 8, 16 and 32-year intervals. 
The equipment has been buried without 
any form of protection. 

Buried samples included about 9000 
small laminates, adhesives, plastics and 
various types of rubber, mounted on 
vertical polyethylene plastic rods in a 
six-acre tract. Almost 2000 insulated 
wire coils with voltage on half of them 
were buried two feet below ground sur- 
face. Larger equipment buried included 





Corrosion Short Course 
Held Recently in Belgium 


A corrosion control short course 
sponsored by the Belgian Society of 
Industrial Chemistry was given Feb- 
ruary 9-12 in Brussels. Subjects in- 
cluded basic corrosion control theories, 
conditions for effective control of cor- 
rosion on steel by paints and industrial 
applications of corrosion control prin- 
ciples. 
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several 200-foot lengths of cable con- 
nected to electrical power and laid in 
undulating lines to test reaction at dif- 
ferent depths. 

The test stems from the company’s 
growing interest in buried telephone 
wires and cables without the extra pro- 
tection provided by conduits. Recent 
damage to telephone cables by wind and 
ice storms has indicated the need for a 
more nearly storm-proof cable system. 

Bell Telephone plans to conduct an- 
other test in the southwest where the 
same materials will be tested under the 
alkaline soil conditions to compare the 
results with the damp soil of Georgia. 


German Pipe Line 


A 240-mile crude oil trunk pipe line 
has been completed between Wilhelm- 
shaven and Wesseling, Germany. Oil 
velocity through the line will be 5 mph. 


Galvanizers Committee 


The steel industry’s Galvanizers Com- 
mittee sponsored by the American Zinc 
Institute will hold its 40th meeting 
April 23-24 at the Drake Hotel in 
Chicago. 
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Library Association 
Celebrates 50th Year 


The Special Libraries Association 
celebrates its 50th anniversary in 1959. 
Some of the periodicals published by 
the association are the following: 

Technical Book Review Index: Pro- 
vides citations and quotations from book 
reviews, appearing in 800 scientific and 
technical publications. It is issued ten 
times a year and serves as a check list 
and index. Subscription in the United 
States is $7.50; elsewhere, $8.00. 

Translation Monthly: Up-to-date list- 
ings of translations currently deposited 
in the SLA Translation Center. All 
languages are covered, including Rus- 


sian. Cumulative indexes are published 
twice a year. It is published and dis- 
tributed for SLA by the John Crerar 
Library, 86 East Randolph St., Chicago. 
Subscription i is $5.00. 


Refinery Air Pollution 
Report Now Available 


Results of a 30-month survey of air 
pollution from petroleum refineries is 
available from the Los Angeles County 
Air Pollution Control District, 434 S. 
San Pedro St., Los Angeles 13, at $3.00 
per copy. This is the ninth and final 
report prepared by the joint federal, 


state and district project established to 
evaluate petroleum refining emissions in 
the Los Angeles area. 





let A do the work of G 


That’s right, 


because of lower circuit resistance 


four Standard Magnesium High Current Anodes 
will give the same protection as six conventional 





anodes. And this is accomplished without sacrific- 
ing current efficiency because Standard Magnesium 
anodes are made from H-1 alloy — the magnesium 
alloy proved in thousands of installations. 

With Standard Magnesium High Current Anodes 
you get more ampere hours of protection per pound 
of metal consumed . . 
put and protection than with conventional anodes. 

Let one of our sales representatives give you the 
full story on how Standard Magnesium High Cur- 


. plus 50% more current out- 


rent Anodes give greater protection at lower cost. 


Now AVAILABLE ! 
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BOOK NEWS 


Technical Translations. Published senii- 
monthly by the Office of Technical 
Services, U. S. Department of Cor- 
merce, Washington 25, D. C. Su)- 
scription rates: $12 a year ($4 adci- 
tional for foreign mailing). Single 
copy price: 60 cents. 

Provides a central source of informa- 

tion on translated technical literatue 

available to science and industry. Lis's 
abstract translations available from the 
publisher, Special Libraries Association 

Translation Center, cooperating foreiga 

governments, educational institutions 

and private sources. Special Librarics 

Association’s periodical, Translation 

Monthly, will be incorporated in this 

new publication. 





Research Highlights of the National 
Bureau of Standards. Publication 226, 
138 pages. Available from Superin- 
tendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, 
D. C. Per Copy, 45 cents. 

The Bureau’s 1958 annual report whicl 
gives the highlights of research and de- 
velopment programs at the Bureau. In- 
cludes a review of the Bureau’s services 
to science and industry through testing 
and calibration of measuring instru- 
ments and through the distribution of 
standard samples. 


Materials for Nuclear Reactors. Bernard 
Kopelman, editor. 424 pages, 6 x 9 
inches, cloth. 1959. McGraw-Hill Book 
Company, Inc., 327 West 41st St., 
New York 36, N. Y. Per Copy, $12. 

A systematic treatment of the atomic 

fuel cycle and of the preparation, prop- 

erties and behavior of important materi- 
als in reactors. Contains 157 illustrations. 

Thirty writers describe the use cycle 
of uranium from ore to the chemical 
reprocessing of irradiated, spent fuel 
elements. 

Chapter 6, Fluid Materials, contains 
two sections of probable interest to cor- 
rosion engineers: “Corrosion Problems 
in Water” by C. C. Gregg and “Corro- 
sion Problems in Liquids Other Than 
Water and Gases” by F. E. Bowman. 


Atzheft—Verfahren zur Schliffherstel- 
lung und Gefugeentwicklung fur die 
Metallographie. By Angelica Schrader. 
(In German). 50 pages. 6x8% inches, 
cloth. 1957. Gebruder Borntraeger, 
Verlagsbuchhandlung, Berlin-Nikolas- 
— der Rehwiese 4. Per Copy, DM 
,80. 
Presents procedure for grinding prepa- 
ration and joint development for the 
metal industry. Includes instructions for 
grinding preparation and classification 
of etching solutions, electrolytic polish- 
ing, electrolytic etching, list of chemicals 
and a bibliography. 


PERIODICALS 


Tetsu-to-Hagane Abstracts. (In Eng- 
lish). Published annually by the Iron 
and Steel Institute of Japan, Naka- 
14-go-kan, Marunouchi-2-chome, Chi- 
yodaku, Tokyo, Japan. Per copy $1.00. 

Abstracts in English from the Journal 

of the Iron and Steel Institute of Japan 

covering iron and steel engineering and 
research in Japan. Issue No. 6, covering 

1956, is now available. 


Vol. 15 





April, 


fa 


April, 1959 GENERAL NEWS 


1 semi- 
chnical 
} Cora- 
: Sub- 
4 adci- 
Single 


form. “FRANKLY 


eratu‘e 


att HOPWOOD, 


ciation 
oreign 
tutions 
brarics 
lation 
n this 


tional DON’T YOU THINK 
n 226, 
|perin- IT WOULD BE 


overn 


on 25, MUCH MORE 
whicl PRACTICAL 


id de- 


‘i IF WE SENT FOR 


rvices 
esting 
nstru- BRIDGEPORT’S 


on of 


FREE NEW BOOK— 
rnard ‘SOLVING CORROSION 
PROBLEMS IN INDUSTRY’!” 


mical 
fuel 


tains 
- cor- 
lems 
Orro- 
Than 
an. 

rstel- 
- die 
ader. 
ches, 
eger, 
olas- 


DM 


vee If you convey anything through condensers or 

; for heat exchangers, this 20-page Bridgeport book is 

= must reading. It tells how to lick problems involving 

icals two corrosive media... by using bi-metal Duplex Tubes 
...each metal surface designed to resist corrosion from the 
media to which it is exposed. 

Each industry has its own corrosion problems, and this 

fact-packed book illustrates ways to solve many of them. 
For your personal copy, just write, on your company letter- 
head, to the Bridgeport Brass Company, Bridgeport 2, Con- 


necticut. Please address Dept. 5802. 


set BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Connecticut ¢ Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Lirconium 

































































































































































































































































ASM May 4-6 Conference 


Metallurgical Frontiers will be the 
theme of the ASM Southern Metals 
Conference to be held May 4-6 in Au- 
gusta, Ga. Topics to be discussed in- 
clude coatings for corrosion protection, 
new frontiers in welding, modern metal 
removing techniques and concepts in 
solid feul power reactors. 


MAINTENANCE 
PROBLEMS 
END WHEN 
YOU USE 


% 


NEOPRENE RUBBER-COATING 


CHARCOTE is not a rubber base paint. 
You actually rubber-coat surfaces with 
protection! CHARCOTE air-dries and air- 
cures to a tough, pliable, rustproofing and 
waterproofing film of neoprene rubber, 
and has its built-in primer. Can be 
brushed, rolled, sprayed or used as a dip. 
Available in aluminum, red, black, green 
and grey; in quart, gallon, five-gallon and 
drum containers. 


Tougher Than The Metal Itself 
Outstanding Protection Against: 
CORROSIVE FUMES — MOISTURE 
ABRASION — SUNLIGHT & HEAT 

SALT SPRAY — WEATHERING 


Write for FREE Charcote Folder 


CHARLESTON RUBBER CO. 


1 STARK IND. PARK CHARLESTON, S.C. 
JOBBER INQUIRIES INVITED 
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ASEE-ASTM Symposium to 
Discuss Teaching Problem 


The problem of teaching materials to 
engineering students with already heavy 
college schedules will be discussed at a 
symposium of the ASTM Annual Meet- 
ing in Atlantic City, N. J., June 22-26. 
The symposium is sponsored jointly: by 
ASTM and the American Society for 
Engineering Education. 

Speakers at the symposium will pre- 
sent ASTM views and viewpoints of 
educators and industries. Frank L. 
LaQue, ASTM senior vice president 
and NACE member, will present the 
ASTM viewpoint. 

The symposium will be concluded by 
a summary or survey of projected de- 
grees in materials engineering now being 
considered or initiated in several engi- 
neering schools. 


New Physical Science 
Curriculum Is Started 


A new physical science curriculum 
has been started at Stevens Institute of 
Technology, Hoboken, N. J. Thirty- 
three students enrolled in the new cur- 
riculum will take basic courses in math- 
ematics, chemistry, physics and some 
engineering sciences before taking ad- 
vanced work in such areas as physical 
chemistry, atomic physics and differen- 
tial equations. 

These students also will study history, 
literature, philosophy under the Depart- 
ment of Humanities. 

The curriculum leads to the Bachelor 
of Science, preparing the student for 
graduate work or careers in mathe- 
matics, chemistry or physics. 


Translation Service 


Translations of any article on iron 
and steel manufacture in foreign tech- 
nical literature can be obtained from 

























MODEL J/1ACM HOLIDAY DETECTOR 
WAS DESIGNED PRINCIPALLY TO 
BE VSEO AS A CONTINOUS 
INSPECTION DEVICE ON COATING 
AND WRAPPING MACHINES 
WHICH USE WATER FOR COOLING 
PURPOSES AND IN WHICH PROCESS 
ELECTRICAL INSPECTION OF THE 
PIPE IS DESIRED 

IMMEBOIATELY FOLLOWING THE 
COATING AND WRAPDING -« 











THE JW/1ACM CAN BE MODIFIED 
FOR USE IN CONTINVALLY 
INSPECTING PLASTIC SWEETS . 
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the British Iron and Steel Industry 
Translation Service, Iron and Steel In- 
stitute, 4 Grosvenor Gardens, London 
S.W.1. If more than one company or 
person requests a translation of the 
same article, the cost can be shared. 


Research Management 


Problems of managing research will be 
discussed at the Annual Industrial Re- 
search Conference to be held May 31- 
June 5. The conference is sponsored by 
the Department of Industrial Engineer- 
ing at Columbia University and will be 
held at Columbia’s Harriman Campu:. 


Waste Treatment Course 


The fourth short course on theor 
and design of biological waste treatmen: 
will be held June 15-20 by Manhatta: 
College Civil Engineering Department 
Objective of the course is to present 
bio-oxidation fundamentals as a frame- 
work for analysis, design and operation 
of biological waste treatment facilities. 


16mm Film on Plastic Uses 


“The Architectural Uses of Plastics,” 
a new 16mm sound film in color, is 
available on free loan basis from Swank 
Motion Pictures, Inc., 621 North Skin- 
ker Blvd., St. Louis 5, Mo. 

The film is presented by Monsanto 
Chemical Company. 


Electrochemical Society 


The Electrochemical Society has 
scheduled its 115th national meeting at 
Philadelphia’s Sheraton Hotel for May 
3-7, Program details and registration in- 
formation are given in the society’s 
Journal, March issue. 


Welding Conference 


The 40th Annual Convention and 
Welding Show of the American Weld- 
ing Society is being held April 6-10 in 
Chicago. Technical sessions are being 
held at the Sherman Hotel; the Weld- 
ing Show at the International Amphi- 
theatre. 


Lubrication Society 


The 14th Annual Meeting and Lubri- 
cation Exhibit of the American Society 
of Lubrication Engineers will be held in 
Buffalo, N. Y., on April 21-23 at the 
Hotel Statler. The Annual Short Course 
in Lubrication Engineering will be 
given also. 


Lead Industries Meeting 


Lead Industries Association will hold 
its 3lst Annual Meeting April 22-23 at 
Chicago’s Drake Hotel. A joint meeting 
with the American Zinc Institute will 
be held April 23. 


South Central Region Meeting has been 
set for October 12-15 in Denver. 





North Central Region Meeting will be 
held in Cleveland, October 20-22. 
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THE ANSWER TO BY S, qa: 1 YOUR OWN HANDS 
DRYGALV 752 


containing 93 to 95% of metal zinc in the dried film, like galvanizing, 
gives cathodic protection to iron and steel and neutralizes those traces of 
rust and millscale which cannot be moved. 


SIMPLY BRUSH OR SPRAY IT ON 


DRYGALYV is enjoying phenomenal sales because of the positive protection 
it provides. 
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@ Can be applied 
over rust, partially 
painted surfaces or 
clean metal. 


@ Can be painted 
over in 8 hours. 
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Write, wire 
or call: 


AMERICAN SOLDER & FLUX CO. 


19th & Willard Streets Phone: BA 6-1800 Philadelphia 40, Pa. 




























































































































































































































































































































































































































































































Toye tg 
Services 


Aluminum 


Aluminum Laboratories Limited, King- 
ston, Ont., Canada, report that alumi- 
num transmission towers were used in 
1953-54 on the single circuit line over 
Kildala Pass. This was probably the 
first use of aluminum transmission 
towers. 
@ 


High Purity Casting Alloy A356 manu- 
factured by Kaiser Aluminum, 919 
North Michigan Ave., Chicago 11, is de- 
scribed in a new brochure available 
from the company. Specifications, prop- 
erties and performance data are given. 
e 

Heat Exchanger Fabrication with alu- 
minum is summarized in a booklet avail- 
able from Reynolds Metals Co., Dept. 
PRD-2, Box 2346, Richmond, Va. De- 
signed to give information needed by 
heating engineers, fabricators and indus- 
trial purchasers, the booklet gives alu- 
minum heat transfer rates, temperature 
properties, tensile strengths, tolerances, 
costs, corrosion resistance and charts on 
stress values, pressures, thermal expan- 
sion and conductivity and friction fac- 
tors. : 


Bonding 


Vinyl Plastic to Steel bonding with ce- 
ment A-978-B made by B. F. Goodrich 
Industrial Products Company, Akron, 
Ohio, is reported to stretch 35 percent 
without weakening the bond or damag- 
ing the vinyl coating. Other tests on the 
cement bonding were in boiling water 
for 30 minutes, seven day exposure to 
200 F and 1000 hours storage at 160 F. 
° 
Ball Bonding, a new technique for bond- 
ing aircraft components has been de- 
veloped by Twin Coach Co., Buffalo, 
N. Y. Aluminum balls are used to elimi- 
nate voids by providing uniform appli- 
cation of pressure during the bonding 
process, consequently giving more uni- 
form and rapid heat distribution, 
® 

Adhesive Bonding, sandwich construc- 
tion and structural plastics are subjects 
covered in issues of Narmco Engineer- 
ing Topics, a bimonthly publication 
available from Narmco Resins and Coat- 
ings Co., 600 Victoria St., Costa Mesa, 
Cal. It is distributed without charge to 
engineers, designers and technical per- 
sonnel, 


Cathodic Protection 


Broyles Engineering Corporation has 
established a sales office and warehouse 
at Tulsa under M. E. Maddox, corro- 
sion engineer. Engineering work on ca- 
thodic protection systems and materials 
out of stock will be available. The ad- 
dress is P. O. Box 4593. 


Cleaning 


Heat Exchanger Tube Bundles can be 
cleaned by a bundle-jetting tool devel- 
oped by Dowell Corp., Tulsa, Okla. 
The cleaning tool rotates the bundle as 
water or chemical solvents are jetted 
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onto the bundle, thus avoiding the erro- 
sion caused by sandblasting. 
e 


Striplite, a single dry salt, non-acid 
material for removing rust, scale and 
black oxide from steel is being manu- 
factured by Du-Lite Chemical Corp., 
Middletown, Conn. A test bath is used 
to determine the solution strength 
needed for a particular stripping job. 
8 


New Tool Jets for chemical cleaning of 
storage tanks is being produced by 
Dowell Division of Dow Chemical Co., 
Tulsa, Okla. A modified version of Dow- 
ell’s Zingger, it is designed for use in 
small tanks, horizontal, cylindrical tanks 
and tank cars. It uses high velocity 
streams of chemical solvents to remove 
scale, sludge and other deposits from 
internal tank surfaces. 


Coatings—Glass 


Porcelain Enamel on aluminum is re- 
ported to increase the metal’s rigidity 
and to give resistance to impact, chemi- 
cals, abrasion, heat, fading, streaking 
and staining. This vitreous enamel coat- 
ing is described in a brochure available 
from Argosy Industries, Inc., North 
Main & Grove St., Middletown, Conn. 


Coatings—Organic 


Coatings designed especially for petro- 
leum refineries to prevent corrosion at 
sub-zero to elevated temperatures are 
described in a manual available from 
Xzit Chemical Co., Hoboken, N. J. Sub- 
jects covered include refractory protec- 
tive coatings, chemical water treatments, 
solvent cleaning methods, soot, firescale 
and slag eradicators and chemical treat- 
ments for combustion and refining 
cycles. 

° 
Permiteco, Inc., is a new company 
formed when the assets of the Permite 
Paint Division of Aluminum Industries, 
Inc., were purchased. Permiteco is lo- 
cated at 1100 East Monument Ave., 
Dayton 2, Ohio. 

° 


Bakelite Epoxy Resin has successfully 
protected laboratory furniture from the 
attack of chemical fumes and spillage. 
The coatings were supplied by C. W. 
Haynes Laboratories, Inc., Springfield, 
Mass., for the lab furniture manufac- 
tured by Doane & Williams, Inc., 955 
Chicopee St., Williamansett, Mass. 


Expansion Joints 


Stainless Steel Bellows Expansion Joints 
in 3 to 30-inch pipe sizes are being 
manufactured by Tube Turns Division 
of Chemetron Corp., Louisville, Ky. The 
joints are designed for applications to 
275 psi and 750 F. 

e 


Garlock Packing Co., 433 Main St., Pal- 
myra, N. Y., has issued a bulletin on 
rubber, Neoprene and Teflon-line ex- 
pansion joints, their construction, sizes 
and uses. 
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Filters 


Stainless Steel Electrofining unit. his 
been installed by Petreco Division of 
Petrolite Corp., 369 Marshall Ave., St. 
Louis 19, Mo. The unit will remove 
slurry from an aluminum chloride cat.- 
lyzed alkylation process. Prelimina:y 
pilot runs reduced volume percent froin 
0.7 to 0.03. 
e 


Air Washers made of rigid polyvin: |] 
chloride made by Industrial Plastic Fal.- 
ricators, Inc., Norwood, Mass, are avaii- 
able in capacities from 1000 to 54,000 
cubic feet per minute. They are designe: 
to handle acids, alkalies and corrosive 
fumes and are reported to clean 96 to 
99 percent of contaminants that are in- 
stantaneously soluble in water, such 
as chromic acid, sulphuric acid, caus- 
tics, etc. 


Inhibitors 


Rodine 220, a new organic inhibitor for 
use with hydrochloric acid, is being pro- 
duced by Amchem Products, Inc., Am- 
bler, Pa., formerly American Chemical 
Paint Co. It is designed to protect steel 
and alloy steels exposed to muriatic acid 
at 200 F to 300 F. 


Instruments 


Drying Recorder, manufactured by East- 
ern Precision Tool & Gage Co., 451 
Lehigh Ave, Union, N. J., is a new de- 
vice to give precise measurement of 
drying time of paints, varnish, lacquer, 
enamel or other chemical products. It 
will also give data on film physical 
properties, adhesion through drying and 
tendency to wrinkle. 

8 


Electro-Hygrometer, a portable instru- 
ment developed by Labline, Inc., 3070 
W. Grand Ave., Chicago 22, indicates 
relative humidity electronically from as 
far away as 100 feet. No tubes, conver- 
sion charts or thermometers are needed. 
Humidities from 30 to 95 percent within 
32 F to 180 F temperatures can be indi- 
cated by the instrument. 
* 


Permeter, a perspiration meter to meas- 
ure hand perspiration, is available from 
Ameresco Inc., 7 Center Ave., Little 
Falls, N. J. It is designed to check 
workers’ perspiration in assembly de- 
partments where corrosion is a hazard. 


Insulation 


Prochind Insulating Joints, a prefabri- 
cated joint made by Prochind, n. 3 Via 
Lazzaretto, Milano, Italy, is inserted 
along pipe by welding, threaded connec- 
tions or flanges. The joints are mechani- 
cally sealed for leak-proof service under 
high pressure and high tensile stress. 
3 


Glass Fiber Insulations are described in 
a product design brochure available from 
L-O-F Glass Fibers Co., 1810 Madison 
Ave., Toledo 1. Thermal and acoustical 
performance is also discussed. 


(Continued on Page 92) 
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Portion of 2» 
Tretolite division exhibit. 


DONT MISS THE TRETOLITE EXHIBITS 
AT THE 1959 IPE AND WPC SHOWS 


HB Animated water flooding exhibit that demonstrates how 
FLUDEX* Water Flood Additive can help stimulate well 
injectivity. 

Hi Model TRETOLITE* Desalter. (Its “big brothers” are now 
removing salt in the 98-100% range.) 

Hi Animated demonstration of kKontTOL* Corrosion Inhibitor 
“squeeze treatment’’. 

BB Molecular models of treating chemicals. 


WB PLUS many other displays designed to explain how 
Tretolite products and processes work. 


LEARN... 
Wi How the new rorap* Fuel Additive is providing long 
storage stability at low cost! 


HB How xontor* Corrosion Inhibitor applications are cut- 
ting dollars from refinery costs—for pennies in treatment. 


WB How emulsions are formed, what they are and how they 
can be resolved. 

Wi About the kontot* Corrosion Inhibitor “squeeze treat- 
ment”. Animated flow diagram shows this application gives 
long term protection. 


ff All about demulsification—its history, early-day prob- 
lems and the development of TRET-0-LITE* chemical treatment. 


ALL THIS AND MORE await you in pleasant, air- 
conditioned surroundings. 


WHERE TO FIND US... 

IPE: The Petrolite Building. West side of Drumright Ave., 
just north of Scientific and Technical Bldg. (East half of 
Block U.) 

wePec: Booth No. 97, Ist Floor, Coliseum. 

Many of our field staff, research and administrative per- 
sonnel will be on hand to welcome you—and discuss your 
special interests and problems. 


Plan now to visit this infoumative exhibit / 


*Registered trademarks of Petrolite Corporation 


PETROL? & 
2 


ONS Fo we Oe ed Oe 


% 


369 Marshall Avenue, Saint Lous 19, Minus 
8515 Telegraph Road, Los Angeles 22, California 


CANADA: Petrolite Corporation of Canada, Limited, 309 Alexandra Bidg., 
Edmonton, Alberta 


ENGLAND: Petrolite Limited, 46 Mount Street, London, W. 1. 


VENEZUELA: South American Petrolite Corporation, Hotel Avila, Caracas 
REPRESENTATIVES 
BRAZIL: WERCO, Ltda., Avenida Rio Branco 57-s/1410-11, Rio de Janeiro 


COLOMBIA: South American Petrolite Corporation, Calle 19, No. 7-30, 
Office 807, Bogota 


GERMANY: H. Costenoble, Guiollettstrasse 47, Frankfort, a.M. 

ITALY: NYMCO S.p.A. 9, Lungotevere A. da Brescia, Rome 

JAPAN: Maruwa Bussan KK, No. 3, 2-Chame, Kyobashi, Chuo-Ku, Tokyo 
KUWAIT: F. N. Dahdah, Box 1713, Al Kuwait 

MEXICO: R. E. Power, Sierra de Mijes, No. 125, Mexico, D. F. 
NETHERLANDS: F. E. C. Jenkins, Hoefbladiaan 134, The Hague 

PERU: International Gas Lift Company, Apartado 71, Talara 

TRINIDAD: Neal and Massy, Ltd., Port of Spain, P.O. Box 544 
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(Continued From Page 90) 
New Plants 


Linde Company, division of Union Car- 
bide Corp., will build a large liquid oxy- 
gen and nitrogen producing plant near 
Huntsville, Ala. in the vicinity of the 
Redstone Arsenal. 

& 


Vinyl Chloride Monomer production 
unit that will be fully automated is 
being installed at the Calvert City, Ky., 
plant of B. F. Goodrich Chemical Com- 
pany. It will use a digital system to 
operate a chemical process specifically 
designed for computer control. 
e 


Sodium and Chlorine Production has 
begun at Du Pont’s new Memphis, 
Tenn., plant. The company’s capacity 
for these chemicals, used in high energy 
fuels, metal descaling and chemical proc- 
essing, will be increased about 50 per- 
cent. 
8 


New Research and Development Plant 
is being built by Carborundum Co., Ni- 
agara Falls, N. Y. It will house facilities 
for development of new products that 
require ultra-high temperature process- 
ing techniques. 


Non-Metallics 


Globe Valves made of Karbate imper- 
vious graphite with a non-rotating spin- 
dle for more effective packing were 
among the equipment for corrosive serv- 
ice displayed at the 15th annual NACE 
Conference in Chicago last month, by 
National Carbon Co., 30 East 42nd St., 
New York City. 
° 

Reinforced Ceramics that resist gas ero- 
sion at extreme temperatures and elimi- 
nate structural failure caused by heat 
shock have been developed by Avco 
Research and Advanced Development 
Division at Wilmington, Mass. Called 
Avcoite, the new material can be fabri- 
cated for rocket nozzles, nozzle compo- 
nents and other applications subjected 
to very high temperatures. 


Plastics 
Molded Rubber Pails made with Du 


Pont Neoprene are being made by Cau- 
chotex Industries, Inc., 44 Whitehall 
St.. New York 4, N. Y. Named the 
Fortex NPL 80-18, the pail is designed 
to resist strong acids, gasoline, kero- 
sene, jet fuels, oils, greases, brake fluid, 
paints, chemicals, etc. Its capacity is 18 
quarts. 

° 
Heat Resistant Hose, made by the Ther- 
moid Division, H. K. Porter Co., Inc., 
Tacony and Comly Streets, Philadel- 
phia, Pa., is being extruded and fabri- 
cated in large diameter sizes from Du 
Pont’s new heat and fluid resistant 
elastomer. 

° 
SRK Plastic Pipe, designed for new 
service line installations and insertion 
through existing corroded lines, is de- 
scribed in a catalog sheet (Adv. 1042) 
available from Republic Steel, Republic 
3uilding, Cleveland 1, Ohio. 

© 
New Affiliate of American Viscose 
Corp., and Sun Oil Co., named AviSun 


Corp., 1608 Walnut St., Philadelphia 3, 
Pa., will be a commercial supplier of 
polypropylene. To be in production by 
mid-summer, the new corporation will 
manufacture, process and sell resins, 
film, fibers, elastomers, surface coatings 
and adhesives using olefin polymers or 
copolymers with other materials. 


Estane VC, a new thermoplastic elas- 
tomer developed by B. F. Goodrich 
Chemical Co., Akron, Ohio, is reported 
to have high tensile strength at high 
ultimate elongation, solvent resistancy 
to gasoline, low air permeability and 
abrasion resistance. It is available in 
the form of tough, rubbery granules 
which are converted into end products 
by milling, calendering, extrusion or 
molding. 
° 


Teflon Products made by Pennsylvania 
Fluorocarbon Co., Inc., 1115 N. 38th 
St., Philadelphia 4, Pa., are described in 
a brochure available from the company. 
Included are spaghetti tubing, flexible 
tubing, rods, instrument tubing, rubing 
connectors and extruded shapes. 
° 


Structural Fibers, Inc., Fifth Ave., Char- 
don, Ohio, offers seamless, reinforced 
plastic tanks in four standard sizes: 6 
to 13-inch diameters and 32 to 54-inch 
heights. The tanks are designed to elim- 
inate dents and ruptures under shock 
and to resist corrosion and contamina- 
tion. 
© 


Repair Kit of liquid and plastic com- 
pounds to repair fractures, tears, holes 
and dents in metal, wood, plastic, con- 
crete, ceramic and other materials is 
being produced by Taylor and Art, Inc., 
Plastics, 1710 E: 12th St; ‘Oakland 
6, Cal. 


° 
Serseal Chemical Blankets for use on 
acid pickling baths is available from 
Amchem Products, Inc., Ambler, Pa. 
Bath heating requirements have been 
reduced to 70 percent. 

e 

Frost Engineering Service Co., Hunt- 
ington Park, Cal., has been appointed 
California distributor of Safe-T-Clad 
products manufactured by the Seamless 
Rubber Co., New Haven, Conn. 


° 
Teflon Sheets, rods, tubes, strips and 
slabs are being manufactured by Cadil- 
lac Plastic & Chemical Company at its 
new plant in Warren, Mich. 

° 

New Plastic Named PL-11 is a trans- 
parent acrylic-type thermoplastic poly- 
mer for injection molding and extrusion 
with high heat resistance developed by 
J. T. Baker Chemical Co., Phillipsburg, 
N. J. Similar in mechanical and optical 
properties to polymethyl methacrylate, 
it has a heat distortion temperature of 
about 250 F. 


° 

Plastic Piping System Technology is 
described in Handbook C-159 prepared 
by Chemtrol, 10872 Stanford Ave., Lyn- 
wood, Cal. Installation and coupling 
methods, plastic pipe standards, tem- 
perature and working pressure chart for 
Chemtrol valves and a table show effect 
of 280 chemicals on dive plastics are 
included. 


Tantalum and Titanium 


National Research Corp., 70 Memorial 
Drive, Cambridge 42, Mass., has formed 
a new Metals Division to consolidate 
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production and marketing of NRC's 
high purity tantalum, tantalum alloys 
and other rare metals. 

& 


Brochure on Titanium intended as a 
reference for engineers, metallurgists, 
and designers is available from Harvey 
Aluminum, 19200 S. Western Ave., Tor- 
rance, Cal. 

e 


Sharp Bending of Titanium Tubing is 
now possible by modification of stand- 
ard bending techniques developed by 
Dreisler Industrial Corp., Paterson, N. |. 
The work was done on grade A-40 soft- 
annealed, commercially: pure titanium 
tubing produced by Superior Tube Co., 
Norristown, Pa. The tubing is bent on 
angles to 90 degrees with radii equal to 
that of the outside diameter in a variety 
of configurations. 


Tubing 


Stainless Steel Tubing for main surface 
condensers in power plants is covered 
in a technical report available from 
Alloy Tube Division of Carpenter Steel 
Co., Union, N. J. 

° 


Heat Resistant Tubes and coil forms 
that remain physically stable and with- 
out loss of insulation value at 1100 F 
are now made by a new technique of 
spiral winding inorganic bonded musco- 
vite mica paper. Information is available 
from Resinite Corp., Dept CNH, 2035 
W. Charleston St., Chicago 44. 


Valves 


Color Brochures describing the advan- 
tage of a new hydraulically controlled 
stainless steel ball cock is available 
from Fluidmaster, Inc., Anaheim, Cal. 
The brochures give the positive on-off 
control sequence and lists the advan- 
tages of corrosion resistance, automatic 
anti-sipon and instant shut-off. 
° 


Replaceable Discs and Seats made of 
Teflon for better corrosion resistance 
service are part of the features of the 
stainless steel valves described in Bulle- 
tin No. 11 available from Alloy Steel 
Products Co., Inc., Linden, N. J. 





L. C. Ferris recently joined the staff of 
Cunat & Cunat, Ingenieurs Conseils, 6 
Rue de Hanovre, Paris 2, France, a 
Franco-American firm of consulting 
architects and engineers. Formerly he 
was associated with the firm of F. A. 
Hughes & Co., Ltd. 

° 


W. Rex Bell, Jr.. NACE member and 
president of Chemicals and Materials 
Corp., 3229 Wabash Ave., Terre Haute, 
Ind., was elected recently to the corpo- 
ration’s board of directors. 

° 


Archie C. Anderson, NACE member, 
has been named technical director of 
A. O. Smith Corporation’s new rein- 
forced plastics division, Milwaukee, Wis. 
° 

H. Maurice Banta has been appointed 
assistant director of research and tech- 
nology for United States Steel’s Na- 
tional Tube Division, Pittsburgh, Pa. 


(Continued on Page 93) 
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(Continued From Page 92) 


John M. Blocher, Jr., has been ap- 
pointed chief of Battelle Memorial In- 
stitute’s inorganic chemistry and chemi- 
‘al engineering division at Columbus, 
Dhio. 
3 

Peter E. Caron has been named man- 
iger of By-Product Sales Department 
f American Smelting and Refining Co., 
20 Broadway, New York 5, N. Y. 


© 
N. R. Legge and F. E. Condo have 
een appointed heads of two new re- 
earch departments (synthetic rubber 
nd thermoplastics) created at Shell De- 
elopment Company’s Emeryville, Cal., 
tesearch Center. 

® 
Gilbert L. Cox, NACE member, has 
oined the staff of Whitehead Metals, 
[nc., 181 Winton Road North, Roches- 
er, N. Y. He has been named technical 
anager. 

9 


Arthur R. Edwards has been named 
‘hicago sales representative for the 
Plastics Products Division of B. F. 
‘,00drich Industrial Products Co. He 
vill have an office at the company’s 
Chicago district office, 4646 West Lake 
Street. 
° 

lwo NACE members, William S. 
Ewing and Allen M. Smith II, and 
Thomas A. Hanna have joined the Cor- 
rosion Engineering Products Sales De- 
partment of Pennsalt Chemicals Corp., 
3 Penn Center, Philadelphia 2, Pa. 


° 
Karl L. Fetters, NACE corporate rep- 
resentative, was elected vice president 
of purchasing for Youngstown Sheet 
and Tube Co., Youngstown, Ohio. 


° 
John J. Gilman, metallurgist with Gen- 
eral Electric Co., Schenectady, N. Y., 
received two awards at the AIME San 
Francisco conference recently: the 
Mathewson Gold Metal and the Rossiter 
W. Raymond Award, the latter was 
awarded to Mr. Gilman in 1956 also. 
The awards are given for outstanding 
technical papers contributing to metal- 
lurgical science. 

° 
Robert Gelin has been appointed assist- 
ant to the vice president at Structural 
Fibers, Inc., Chardon, Ohio. 

° 
Dennis Chemical Co., 2701 Papin St., 
St. Louis 3, Mo., has elected Sidney 
Dennis president and Frank Gollub vice 
president of research and development. 
New appointments include Milton Car- 
lie as sales manager and Marvin Wool 
as chief chemist. 

° 
Robert D. James has been assigned as 
field service engineer in A. M. Byers 
Company’s Houston division office. 

° 
Edward A. Loria has been appointed 
as development manager of high tem- 
perature and corrosion resistant alloys 
for Climax Molybdenum Co., 500 Fifth 
Ave., New York 36, N. Y. He will co- 
ordinate developments involving molyb- 
denum in steels and alloys for aircraft, 
missiles, nuclear power, chemical proc- 
essing and other heat and corrosion 
resistant applications. 
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Get adequate protection on 
all surfaces with 
DeVilbiss low-pressure spraying 


Wit its many deep recesses, exposed edges, narrow crevices, 
inaccessible surfaces, and tricky shapes, this gas-transmission 
equipment presents a typical problem when it comes to combatting 
corrosion. Coating such objects as this by any method other than 
spray leaves edges thin, crevices inadequately coated, and many 
vital spots insufficiently protected. 

With the DeVilbiss low-pressure spray method, coatings of ade- 
quate film thickness not only protect the recessed areas but the 
edges of sharp corners, which usually wipe thin by contact-application 
methods. Furthermore, spray deposits a heavier film of paint and 
does it much faster than any other way. And using DeVilbiss low- 
pressure spray equipment with modern fast-drying materials, over- 
spray is no longer a problem. 


New Application Consulting Service 


Not only does DeVilbiss offer spray equipment especially designed 
for low-pressure application of protective coatings, but here is a 
new service to help you get the most from the spray method. 

On written request, DeVilbiss will make available a professional 
consultant to analyze methods, procedures, and spray equipment— 
and provide on-the-job training to supervisors and operators. There 
is no cost or obligation for this service! Simply write on your letter- 
head to: Spray Consulting Service Dept., The DeVilbiss Company, 
Toledo 1, Ohio. 


THE DEVILBISS COMPANY FOR BETTER SERVICE, BUY 


Toledo 1, Ohio 
Barrie, Ontario * London, England 0) 3 Vi LB e ss 


Sao Paulo, Brazil 
Branch Offices in Principal Cities 
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Reduce Maintenance Coating Costs-— 
Carboline Systems are Keyed To Your Job 


Many maintenance paint dollars are wasted on so-called “cheaper” 
paints. Moreover, no one coating system can perform equally effectively 
under all conditions. Either way premeture failures occur, requiring costly 
re-painting. You can substantially cut maintenance costs by specifying 
systems that are keyed to your requirements. 


Four Carboline maintenance coating systems, thoroughly proven in 
service, are recommended for specific corrosive environments. Each system 
is “keyed” or tailor-made for a particular type of job. And each is designed 
to provide maximum protection for the longest time at the lowest cost per 
square foot per year of service. 


CONDITION 1 


Mild fumes, splash or spillage of most acids and alkalies. Continuous temperatures 
to 150°F. where maximum surface preparation is not practical. Structural steel, pipe, 
walls, equipment exteriors. Carboline CS-200 (all vinyl) system. 


CONDITION 2 


Severe fumes, splash or spillage of acids and alkalies. Continuous temperatures to 
180°F. Structural steel, equipment exteriors, concrete walls. Carboline Epoxy 188. 


CONDITION 3 


Heavy duty protection against solvent, caustic and acid spillage. Continuous tempera- 
tures to 200°F. Structural steel, equipment exteriors, concrete. Carbomastic #3 
(epoxy tar) and Phenoline 305 topcoats. 


CONDITION 4 


Economical, easily applied maintenance system for mild chemical fumes. Requires 
minimum surface preparation. Continuous temperatures to 200°F. Can be used over 
old paints. Carboline Epoxy 110. 


Write for newly released Chart No. 5 showing comparative ratings of 
coating systems by physical and chemical properties — an engineering aid 
in choosing the most efficient protection. Also ask for technical data and 
recommendations on Carboline maintenance systems. 
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Materials Selection and Design Problems 


In a Nickel-Cobalt Extraction Plant* 


ee AND cobalt ores are mined 
at the Moa Bay, Cuba deposits of 
‘uban American Nickel Company by 
pen cut methods. Because the ore in 
lace contains 30 to 35 percent moisture 
nd the leaching operation does not 
ecessitate drying the ore, the material 
handled as a slurry throughout the 
stem. 


At the mine the ore is mixed with 
ater to yield a free-flowing slurry of 
bout 25 to 30 percent solids. After 
creening, the slurry runs by gravity to 
ie plant area and flows into thickeners 
hich bring the slurry to about 45 to 
) percent solids. 


During the leaching process, the 
‘thickened slurry is preheated with re- 
overed low-pressure steam to 160 to 
!80 F and pumped into reactors where 
igh pressure steam is injected for final 
ieating. Ninety-eight percent sulfuric 
acid is added as reagent. After leaching, 
the slurry is flashed to atmospheric 
pressure. 

The pregnant leach liquor is recovered 
ind barren tailings washed free from 
soluble values in a standard six-stage 
counter-current decantation system. The 
liquor is neutralized by treatment with 
oral slurry derived from a nearby off- 
shore reef. Finally the concentrate is 
prepared by precipitating the nickel and 
‘obalt, with minor impurities, from the 
neutralized leach liquor with hydrogen 
sulfide, using slightly elevated tempera- 
tures and moderate pressures. Sulfides 
precipitated are granular and settle 
rapidly, are washed free of barren liquor 
in small thickeners and then are ready 
for transport to the refinery. 


Problems Involved 

The heart of the process and the 
focal point of this article is the leach- 
ing system. In Figure 1 a schematic 
diagram of the system is given, show- 
ing the principal features. Many serious 
problems were involved in converting 


Abstract 


Materials selection and design problems 
in connection with the design of the 
Cuban American Nickel Company plants 
at Moa Bay and New Orleans are dis- 
cussed. These include handling ore slur- 
ries, the leaching system, pumps, process 
vessel linings, agitation systems and heat 
recovery units. 

Materials involved include 
steel, lead linings, acid brick, carbon 
brick, Teflon, titanium and _ ceramics. 
Design problems involved vessels han- 
dling slurries, slurry pumps, steam bleed 
lines, special flanging and valves. Be- 
cause the process involves handling abra- 
sive slurries leached with sulfuric acid 
at high temperatures, corrosion problems 
were extensive. 8.10.3 


stainless 


not be less than 400 psi. Leaching rates 
were greatly improved by using tem- 
peratures where pressures were above 
500 psi. This means that the heavy, 
viscous slurry must be pumped at dis- 
charge pressures above 500 psi. Then 
the slurry must be heated to operating 
temperature. 

The high pressure pumps are dia- 
phragm pumps of the pressure-exchange 
type. That is, the primary pumping is 
done on a suitable hydraulic fluid which 
activates the diaphragm to pump the 
slurry. The design finally selected was 
developed principally by Humble Oil 
and Refining Co. These pumps are pres- 
sure-fed by rubber lined centrifugals. 
The slurry is heated by direct absorp- 
tion of steam. 

Once the ore is heated to leaching 
temperature, the reagent acid must be 
added and permitted to react; then 


Slurry Heater 


High Pressure Steam 


Ls , Bleed, Steam 


Reactor Reactor 
High 7 A a 
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the reacted material must be discharged 

from the system. Agitation of the reac- 

tor stages is provided by high pressure 
steam injection. Heat is recovered by 

indirect heat exchange to generate 30 

psi steam used elsewhere in the process. 
Agitation with high-pressure steam 

involves the use of a draft-tube (See 
Figure 2) and its advantages depend 
on further use of the high pressure 
steam bled off the reactors to heat the 
feed slurry. This system has several 
important advantages over mechanical 
agigators: 

It avoids the limitation on vessel de- 
sign that shafting problems in large 
mechanical agitators would impose. 

It avoids the heavy power consumption 
and maintenance costs of mechanical 
agitators. 

First cost is much less. 


Corrosive System 

The corrosive system is as follows: 
An aqueous suspension of fine iron ore 
(about 36 percent solids by weight), 
with the solution phase containing (in 
grams/liter) Ni, 5 to 7; Co, 0.5 to 1.0; 
Fe, 1 to 5; Al, 3 to 8; Mg, 2 to 4; Mn, 
3 to 4; Cr, 0.1 to 0.7 (in the form of 
chromate). Acid addition is equivalent 
to about 10 percent on. the basis of the 
solution. However, reaction is rapid 
and residual acid seldom exceeds 3 per- 
cent. Temperature is 400 to 500 F, and 
agitation is moderate. 

Extensive coupon tests, using every 
material available, were made. Only 
titanium and its commercial alloys 
showed completely satisfactory charac- 
teristics. Lead does not, strictly speak- 
ing, corrode in the system, but at 450 to 
500 F—the region of operation—it is 
hardly strong enough to support its 
weight. Nickel alloys, from the 
stainless steels to the Hastelloys, can- 
not survive in the system. 

Titanium, while tolerable from a cost 
standpoint in places where light gauge 
material is acceptable such as draft- 
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traction by the Moa Bay Process: A Prob- 
lem in Materials Selection’ by C. S. Simons, 
Cuban American Nickel Co., New Orleans, 
presented at a meeting of South Central 
Region, National Association of Corrosion 
Engineers, New Orleans, October 20-24, 1958. 
Published in condensed Form as ‘‘Novel De- 
signs Tame Tough Corrosives,”’ p. 130, Chem- 
ical Engineer, Jan, 26, 1959. 
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Figure 1—Ore leaching system. Figure 2—Main features of a leaching reactor. 
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Materials Selection — 
(Continued From Page 95) 


tubes and pipings, could not be con- 
sidered for the vessels. 

Solution to the vessel lining problem 
is indicated in the inset to Figure 2. 
This system of lead-lined steel, acid- 
proof brick and carbon brick appears to 
be a fairly simple and obvious solution 
to the problem. Lead is commonly: used 
in sulfuric acid systems and was found 
to be essentially corrosion-proof. This 
solution, however, represents a great 
deal of testing and observation. The 
summary report on this phase of the 
pilot plant work runs to over 150 pages. 


Use of Lead in Construction 


Some general observations of interest 
on this construction are: 

1. Bare lead linings—homogeneously 
bonded to the shell—were desirable 
from an economic standpoint. Brick lin- 
ings represent a substantial part of the 
vessel cost. Bare lead was rejected be- 
cause it is vulnerable to mechanical 
damage and because, when subjected to 
cyclic heating and cooling it tends to 
develop cracks. This effect was noted on 
bear lead in the reaction vessels (sub- 
jected to full operating temperature) but 
was not apparent in the lead behind 
brick linings where temperatures were 
lower. 

2. It is difficult to get a satisfactory 
lead bonding for service temperatures of 
400 to 500 F. After a few heating-cool- 
ing cycles, unbonded areas show up as 
blisters. Particular care is needed in 
bonding over heavy sections, such as 
flanges where, because of the high total 
heat capacity, it is difficult to heat the 
base metal to bonding temperatures. 


Lead Bonding Specifications 


The study of lead-bonding resulted in 
a system regarded as essential for serv- 
ice under the severe conditions encoun- 
tered. A brief summary of the specifica- 
tions developed follows: 

(a) Bonding must be by hand. 

(b) A clean steel surface is essential. 

This means grinding with a carborun- 
dum wheel and immediate tinning be- 
fore the ground surface has the oppor- 
tunity to oxidize. Sand-blasting was 
avoided because of the possibility of 
sand grain inclusions. Acid washing 
must not be used. 

(c) Any good tin-lead solder may be 
used for tinning the 50-50 mix being 
preferred. 

(d) Steel must be sufficiently hot to 
be thoroughly wet by the solder. 

(e) Excess solder must be wiped off; 
this may mean two separate wipes with 
clean rags to remove all the excess. 

(f) The lead should be chemical 
grade. While it has not been found defi- 
nitely that small amounts of common 
contaminants (Sn, Bi, Sb, Ag, Cu, etc.) 
have any influence in bonding or subse- 
quent service characteristics, lead meet- 
ing ASTM specification B-29 for Chemi- 
cal lead is satisfactory. 

All acid-proof brick is subject to some 
spalling in the system, a common con- 
dition where brick is used at high pres- 
sures. While carbon brick does not 
spall, it has no appreciable thermal in- 
sulating properties. Consequently acid 
brick was selected for internal thermal 
insulation and carbon brick was used to 
protect the acid brick. When a system 
of this type is used, outside steel surface 
temperature was 225 F when internal 
temperature was 475 F. Because the 
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Figure 3—Leaching layout showing bleed steam 
system. 


lead temperature is only a few degrees 
above the steel surface temperature, it 
is evident that the lead is not subject to 
excessively severe temperature cycling. 

None of the silicate mortars could be 
used because the system is not acid 
enough to produce a good cure. This 
seems to be anomalous, because the 
liquor under operating conditions is 
fiercely corrosive to virtually all alloys 
normally used for corrosion resistance. 
The steam phase ruled out silicates in 
the upper section entirely. 

Because the system is oxidizing, syn- 
thetics of the furane type are attacked. 
While furane resins based on furfuryl 
alcohol were better than those based on 
furfuryl ketones neither were completely 
satisfactory. Epoxy resins are excellent, 
but very awkward to apply. The final 
cement system selected was furfuryl al- 
cohol cement for the acid brick course; 
and for the face course, National Car- 
bon C-6 cement, which is self-carboniz- 
ing when heated. 


Bleed Steam System 

Two unexpected problems arose in 
connection with the reaction vessel: 

Figure 3 shows a schematic diagram 
of the bleed steam system. This is the 
steam injected into the vessels for agi- 
tation, which then must be drawn off 
for use in preheating the feed slurry. 
While the pilot unit was too small to 
attempt the recovery operation, an agi- 
tation-bleed system was used in the first 
continuous reactor built in Texas in 
1954. The bleed piping was made of 
Type 316 stainless steel with standard 
fittings. The only difficulty with this 
bleed steam system was an erosion fail- 
ure on the downstream side of an elbow 
located immediately above the reactor 
proper. The remainder of the piping ap- 
peared to be in excellent condition. This 
experience led to selection of Type 316 
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Figure 4—Acid injection arrangement. 


for the bleed steam system of the Braith- 
waite pilot plant where sharp changes 
in direction were avoided by using long 
radius bends. 


After a short time in operation at 
Braithwaite, the bleed steam lines off 
the reactors unexpectedly developed a 
number of tiny leaks. Metallographers 
immediately identified the cause as stress 
corrosion cracking due to chlorides. 
This seemed incredible because there 
were only 30 to 50 ppm chlorides in the 
water used for slurrying the ore. The 
ore itself, by the very nature of its for- 
mation, could not contain more than 
trace amounts of chloride. Bleed steam 
sampled over a considerable period al- 
ways contained 10 to 16 ppm chloride 
(expressed as NaCl); temperature was 
475 F and failures occurred in all highly 
stressed zones (field-made bends which 
were not subsequently  stress-relieved 
and in forged welding fittings used in 
the header) in both Type 316 and 316 
ELC. Later tests showed Type 310 and 
Alloy 20 and 20 Cb unsatisfactory. 

The result of this was specification 
of titanium for the bleed system of the 
commercial installation, dictated in part 
by the stress corrosion problem and be- 
cause leached slurry can get into the 
bleed system. Because of stress corro- 
sion, Type 316 could not be used; a 
much more expensive alloy was re- 
quired. Therefore, there appeared to be 
ample justification to use titanium for 
full protection. 

Figure 4 shows how the problem of 
getting the acid in continuously without 
interruptions due to equipment was 
solved. In the small pilot unit (Texas), 
glass pipe was used. An adaptor was 
made to go in the vessel nozzle to sup- 
port the injection pipe and to seal it 
to the transfer line. The acid line and 
junction flange were water cooled to 

(Continued on Page 97) 
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prevent corrosion of the transfer line 
due to heating from the reactor. This 
installation used pipe with a %4-inch 
bore with a short nipple of %-inch bore 
attached to the discharge end on the 
theory that higher exit velocities would 
improve mixing of acid and slurry. 
\Vhether this exit nipple had any bene- 
tcial effect in the expected way is not 
Lnown, but it prevented the line from 
aining during periods of no flow. 


Glass proved entirely too fragile at 
raithwaite even with armor pipe to 
iminate lateral stresses. Teflon tubing 
ith a different adaptor but attached 
ar the vessel nozzle flange failed be- 
use it is occasionally necessary to 
ut off acid flow momentarily. When 
is happened, the acid drained from 
e line and steam entered the tube. 
his diluted the acid remaining on the 
irface and heated the surface to reactor 
mperatures. The result was rapid dis- 
lution of the adaptor and the metal 
e adjacent to it. 

Figure 4 illustrates the solution worked 
it by the pilot plant staff which is the 
ibject of a patent application. It em- 
loys a continuous Teflon tube from 
int A to point B, the terminus in the 
ssel. Externally to the vessel flange, 
hairpin shape of Schedule 40 Alloy 20 
pe is used with enough clearance be- 
veen the Teflon liner and the pipe to 
equalize pressure, but not enough to 
ermit appreciable refluxing. Thus the 
feflon is subjected only to the pressure 
f the fluid head loss within it. If acid 
flow is shut off, the line may drain up 
to the high point, and steam can reflux 
1 this section. But this does not affect 
the inert Teflon and the connection at 
\ cannot get hot nor can the diluted 
icid reach it. 


Figure 5 shows the method of going 
through the vessel nozzle with the acid 
injection line. The Alloy 20 external 
pipe ends in a 3/16-inch plate flange 
welded to the pipe. The titanium armor 
pipe internal to the reactor is identical 
to this at its upper end. These are 
flanged together using a carbon steel 
blind, machined to fit, as a back-up 
flange. Seal is obtained with a spiral- 
wound gasket. 


This figure also shows the method 
employed to protect the lead lining in 
the small vessel nozzles. Nozzle design 
for these vessels required close atten- 
tion because of the severe service. The 
nozzle flange is machined out and an 
Alloy 20 overlay applied. The Alloy 20 
forms the bearing surface for the seal 
gasket. The overlay is re-machined to 
the OD of the seal gasket and upset so 
that the lead lining can be brought over 
the flange. Finally a titanium thimble, 
with a top flange as support, is slipped 
in. This serves to protect the lead from 
mechanical damage and supports it 
against creep. 


Heat Recovery Problems 

Operation economy depends on re- 
covery of a substantial part of the heat 
content of the leached slurry. The pro- 
cedure selected was generation of low- 
pressure steam by indirect transfer. This 
was investigated in detail in the Braith- 
waite pilot plant to establish effective 
heat transfer coefficients and to deter- 
mine whether fouling of the inside tube 
surface would be a problem. The prin- 
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Chemicals Causing 
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cipal point of interest here was the in- 
formation this investigation gave on 
velocity limitations. 

The cooler-boiler, as the unit is called, 
is a shell-an-tube heat exchanger oper- 
ated like a low-pressure fire-tube boiler. 
The tubes have to be titanium. It was 
found that the hot end (in the pilot 
plant unit, four tube passes with exter- 
nal return bends were used) experienced 
considerable erosion of the titanium at 
velocities of 8 to 10 ft/sec. This was 
not observed in the cold end. This effect 
led to the selection of 6 ft/sec as the 
maximum velocity permissable in the 
tubing and 4 ft/sec as the design ve- 
locity. 

While there are several theories as to 
the cause of this difference in erosive- 
ness in the same piping at the same 
mass rate, only the writer’s personal 
opinion is given here. There is both a 
contraction in volume and an increase 
in viscosity between the hot end (at 400 
to 450 F) and the cold end (at 250 to 
275 F). This means the Reynolds num- 
ber of the flow decreases by a consid- 
erable amount, perhaps a factor of % 
to %, in going from the hot end to the 
cold. Because the Reynolds number is 
the criterion of turbulence, this is the 
important difference. This seems a more 
likely explanation than that the titanium 
itself is appreciably softer or less abra- 
sion resistant at the higher of such a 
relatively narrow range of temperature. 

The final point covered in this article 
is the problem of getting the leached 
material out of the system and back to 
atmospheric pressure. 

The material is about 30 to 35 percent 
solids slurry of very fine iron oxide 
(predominantly) at 500 to 550 psi and 
it is, even after heat recovery, still above 
the atmospheric boiling point. This 
means it will flash. And a flashing, acid 
slurry taking a 500 lb pressure drop is 
a very difficult problem. 


Ceramics Used in Chokes 

The final solution, shown in part in 
Figure 6, represents the end of a long 
development program. Early in the 
work it was determined that conven- 
tional valving had no chance of success. 
Both Calera Mining Company at Gar- 
field, Utah, and National Lead Company 
at Fredericktown, Missouri, have simi- 
lar problems. While the final solution 
differs from theirs, they were helpful in 
pointing out lines of approach that un- 
doubtedly shortened the period of de- 
velopment required to achieve a workable 
design. 

A complete list of possible valve trim 
was explored and showed that the only 
materials with any life at all were fused 
alumina ceramics and Carborundum’s 
Refrax. Nothing will withstand the abra- 
sion of these slurries at high velocities 
for an appreciable time because their 
action is similar to grinding with jew- 
eler’s rouge suspended in acid. This 
meant that there was no real chance of 
throttling the flow to an exact rate, so 
development was aimed at finding a 
system wherein the valves could be op- 
erated off-on. In this way, the wear on 
the trim is confined to the instants of 
opening and closing, and the life of the 
trim becomes a function of the number 
of cycles of operation. 
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Figure 5—Detail diagram of vessel entry for acid 
injection. 


Because ceramic is one of the most 
satisfactory trim materials available, it 
was decided that control should be built 
around standard oil field chokes, or 
Refrax chokes made to the same dimen- 
sions. Problems of valve body erosion, 
actual seat and plug construction and 
others were solved gradually. 

Figure 6 is a diagram of the method 
of installing the chokes which control 
the flow. The scheme is to provide two 
chokes in parallel; one, sized to handle 
about 90 percent of normal total flow, 
forms the terminus of the discharge 
pipe from the slurry cooler-boilers; the 
other, sized to handle about 15 percent 
of normal total flow, is mounted below 
an off-on control valve actuated by 
surge level. The controlled flow by-pass 
line branches off the main line 15 inches 
above the pad flanges on the flash tanks. 
The main line is flanged upstream of 
the by-pass. This makes a compact as- 
sembly which can be removed easily 
by breaking out three flanges—the two 
pads and the main line—after which 
another unit is installed. The old unit 
may be removed for inspection and re- 
placement of chokes. 

Note that the choke section consists 
of two 6-inch choke sections cemented 
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Figure 6—Leaching system-diagram showing discharge flow control. 
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in a section of pipe. A necessary part 
of the assembly is the ceramic dise with 
a bore somewhat larger than the choke 
bore to prevent erosion of the support 
plate due to entry turbulence. 

When metal temperature was ket 
below 250 F, a number of alloys gave 
satisfactory service in the leached slurr -, 
Type 316 was used at Braithwaite, bit 
completely satisfactory service in ths 
case required waterjacketing the -lin.. 
Thus the alloy selected for choke hol: - 
ers and control valve body is Alloy 2(; 
this was found by testing to be twice 
as resistant to the system as Type 31. 
Although the chokes are cemented in 
the holders, back-up plates are used t) 
give added assurance of choke reten- 
tion. These support barrels may be use:l 
again to assemble replacement units. 

This article covers superficially the 
materials selection problem of one sec- 
tion of one plant. There were other 
sections with other problems. It can b: 
said quite fairly that the need for ti 
tanium provided by the commercializa 
tion of the Moa Bay process gave im 
petus to further development of tha‘ 
material for chemical process use. Needs 
of the Moa Bay plant provided mucl 
of the spark that induced the primary 
producers—such as Titanium Metals, 
Rem-Cru and Republic—and_fabrica- 
tors—such as Crane, Oremet, Nooter 
and Struthers-Wells—to develop tech- 
niques necessary for chemical plant 
equipment. Particularly noteworthy in 
this respect is Crane’s work on valve 
design and Oremet’s development of 
techniques for making the body castings 
for the 5-inch titanium block valves. 


45 Technical 16mm Films 
Are Available From AEC 


The AEC is making available for loan 
and purchase the 45 technical films used 
at the 1958 Geneva Conference. The 
16mm films, most in color, cover major 
nuclear applications and research activi- 
ties. A list of the films and offices where 
the films can be purchased or borrowed 
is available from the AEC office in 
Washington 25, D. C. 

e 


Over 40 foreign countries are represented 
by Corrosion subscribers. 


——$piral-wound gosket 
Asb. gasket 






Ee 
wW f 
/\ oo 
HS > Carbon steel 
» ut 
] ‘Wy 
1 4 
u by 
A bir -Neoprene lining 
| Bed | fap V/ Lf :f 
} 4 cal ae f/f / 
4 ae 
4 f / , 
4 bef €arbofrax brick 
Bl | ee 
| # | / 
At} G / 
| on 


Choke Assembly 


Vol. 15 





April, | 





April, 1959 


Building the world’s largest crystallizer for produc- 
tion of ammonium sulfate fertilizer at the National 
Aniline Division of Allied Chemical Corporation 


TECHNICAL TOPICS 


in Hopewell, Va. The unit was designed and fab- 
ricated of Allegheny-Ludlum Type 316 stainless 
steel by Struthers Wells Corporation of Warren, Pa. 


World’s largest continuous sulfate crystallizer 
combats corrosion with Type 316 stainless steel 


Nickel-containing Type 316 stainless 
steel is counted upon to defeat sul- 
furic acid attack in this huge am- 
monium sulfate crystallizer. Said to 
be the world’s biggest (150 tons, 82 
feet high, 20 feet diameter), the 
crystallizer will produce about 200 
tons of controlled-size crystals daily. 

Nickel-containing stainless steels 
also balk sulfuric acid attack else- 


where in the ammonium sulfate 
process — pumps, lines, centrifugal 
separators. 


Good hot or cold! Austenitic stain- 
less steels provide ample strength to 
1200° F, ample toughness down to 
—300°F. They resist combinations 
of heat, abrasion, and corrosion. 

In hundreds of chemical processes, 


the austenitic stainless steels pro- 
tect such equipment as columns, heat 
exchangers, holding tanks. When 
your job involves hard-to-handle cor- 
rosives, it will pay you to investigate 
the lasting qualities of Nickel-con- 
taining stainless steels. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street hea, New York 5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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New Formulations Give Versatility 


To Urethane Coatings“ 


HE ELASTOMERIC nature of cer- 
tain of the urethanes presents an inter- 
esting future for urethane rubber. The solid 
urethane elastomers have shown unusu- 
ally high abrasion resistance, high tear 
strength and good shock absorption 
coupled with hardness, solvent resist- 
ance and good resistance to oxygen 
aging.’ These rubbers are typical of 
other urethanes in that a wide range of 
flexibility and elasticity is possible by 
varying formulation components. These 
materials have been used successfully as 
gears, check valve seals and oil field 
parts such as valve inserts in high pres- 
sure pumps where they give four times 
the service life of other materials. 
The largest market for these urethane 
rubbers is found overseas where their 
production is greater and engineering 
experience in the urethane field more 
extensive. However, the American mar- 
ket for urethane rubber is increasing. 
Urethanes are giving remarkable results 
in the fields of adhesives and textiles. 


The polyurethanes as developed in 
Germany were unusual coating materi- 
als, exhibiting high orders of adhesion, 
gloss, water and solvent resistance, good 
electrical properties, low gas permea- 
bility and high chemical resistance. 


Because of this versatility, the coat- 
ing chemist found that great variations 
could be made in flexibility and hard- 
ness over a wide range of temperature 
conditions, as indicated in the following 
case histories: 

Case One: A urethane coating on a 
water-gas generator showed no failtte 
or metal corrosion after six years ak 
though it was subjected to corrosive 
gases and physical strain as a result of 
changing temperatures varying between 
freezing and 250 F.? 

Case Two: The holds of several oil 
tankers have been protected with ure- 
thane coatings. These tankers carry al- 
ternately sour crudes and salt water 
ballast. The urethanes are withstanding 
these conditions. 

Case Three: In a rubber accelerator 
plant, a urethane coating has success- 
fully withstood the action of acid, amine 
and hydrogen sulfide vapors for over 
eight years. The corrosion engineer at 
this plant said other paints lasted less 
than two years in this atmosphere. 

These three cases concern air dry, 
two component systems which have 
been improved. 


Water and Solvent Sensitivity 
[he air dry urethane coating system 
has one disadvantage: sensitivity to 
water and solvents containing active 
hydrogen. An active hydrogen is de- 
fined in this instance as any hydrogen 
atom which may be replaced from a 
structure by metallic sodium. In the 
*% Extracted from a paper entitled ‘‘Polyure- 
thanes—Plastics With An Oil Field Prom- 
ise’’ by Barnard Goodman, Tube-Kote, In- 
corporated, Houston, presented at a meeting 
of the South Central Region, National As- 


sociation of Corrosion Engineers, New 
Orleans, October 20-24, 1958. 





Abstract 


New formulations in the manufacture 
of polyurethanes have given wider ap- 
plication of these materials. Variations 
have been made in flexibility and hard- 
ness over a wide range of temperatures. 
Production of more stable isocyanates 
has eliminated the two package system 
and reduced the water reactivity that 
limited the use of older two package 
system. Other new formulations have 
been developed to improve chemical and 
solvent resistance, hardness and flexibil- 
ity. 

Case histories are given of several 
coating applications using the new for- 
mulations. 5.4.5 


manufacture of foamed urethanes, this 
water sensitivity is an advantage and an 
important factor; this reaction generates 
the gas to create foam. In a coating 
this is undesirable. The foaming action 
with water creates pinholes and _holi- 
days in the film, or the entire mass of 
the coating in the container can react 
before application, causing the coating 
to become jelled or semi-jelled and un- 
suitable for application. 

Because of this high reactivity with 
water, special care must be taken by 
the formulator and applicator to keep 
the materials as dry as possible. Even 
relative humidity becomes a critical fac- 
tor in many cases. The formulator is 
further hindered in the selection of sol- 
vents for the system because extreme 
care must be taken to see that no sol- 
vents containing active hydrogens are 
present in the formulation. 

Recent dévelopments have produced 
a more stable isocyanate that not only 
overcomes .the water reactivity objec- 
tion but also make€possible the elimi- 
nation of the two patkage system. Two 
package systems, after mixing, usually 
have a limited application life and re- 
quire great care in measuring and mix- 
ing to produce the intended coating 
system. Overcured, undercured and 
spottily cured films result from too little 
or too much of the reactive component 
or from undermixing. Exact ratios of 
reactants can be blended during manu- 
facture to insure maximum qualities of 
the materials in one package systems. 
However, this new coating system re- 
quires high temperature baking to pro- 
duce a cured coating because of its high 
stability at room temperatures. Good 
adhesion is gained on steel, aluminum 
and other materials by the same prepa- 
ration techniques used in other baking 
coatings. As is the case with baked 
phenolics and epoxy-phenolics, only 
operators having the necessary speecial- 
ized equipment can apply it. 


New Formulations 

From additional study of possible 
materials for reaction, new formulations 
have been developed which greatly im- 
prove chemical resistance, solvent re- 
sistance, hardness and flexibility. A 
baked urethane formulation superior to 
the German air dry is available today. 
This material has high flexibility and 
impact resistance found neither in baked 
phenolic nor epoxy-phenolic but having 
caustic, acid and solvent resistance equal 
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to them in many cases. This baked 
urethane shows high permeation resist- 
ance in temperatures to 200 F and un- 
usual resistance to underfilm corrosion 
creepage. 

This baked urethane coating was de- 
signed originally for use on thin wall 
aluminum tubing in salt water disposal 
systems and flow lines protecting this 
tubing from salt water and other chemi- 
cals extremely corrosive to this metal. 
The flexibility of polyurethanes would 
make protection possible where phe- 
nolics and epoxy-phenolics had failed, 
The chemical resistant properties would 
afford protection where the flexible but 
less resistant coatings such as epoxy 
polyamides and oleoresinous compounds 
had failed. This material was approve 
for service by a major aluminum com- 
pany after years of search for a suitable 
material. Subsequent field testing has 
shown this coating to have a definite 
use with tubular steel products also. 


Tube Coatings 

Six cases illustrate the effectiveness 
of polyurethane as a tube coating: 

Case One: A coated pipe was given 
an 80-degree U-bend on a 5-foot radius 
with no damage to coating adhesion or 
to the coating itself. Thus, the coating 
permits the bending of pipe in the field 
for use in above-ground flow lines. 

Case Two: In a pumping well, rods 
and tubing were coated. After one year, 
no sign of wear was found where rods 
had rubbed constanty against the tub- 
ing. Although the uncoated well pump 
was pugged with paraffin, only a thin 
film of paraffin was present on the 
polurethane coated surfaces. This paraf- 
fin had such little adhesion that it 
dropped off during handling. The oper- 
ator thought that, if the rods had not 
been coated, paraffin would have pro- 
hibited removal of rods from the hole. 

Case Three: A well in West Texas 
required weekly rod pulling jobs be- 
cause of salt water corrosion. Coatings 
had been considered a poor risk in the 
past because of the lack of flexibility 
and impact, resistance of existing coat- 
ings. A pay-out for a coating job was 
calculated at six months. Since the rods 
were coated with urethane, the well has 
been in operation 16 months. 

Case Four: The urethane coating in 
a salt water disposal well is doing a 
satisfactory job after one year, accord- 
ing to the corrosion engineer in charge. 
Several hundred thousand feet of ure- 
than coated tubing are in service with- 
out a coating failure recorded to date. 

Case Five: Down-hole tubing in an- 
other well was coated inside and outside 
for corrosion prevention utilizing a 
total of 3400 feet of 1-inch tubing and 
3400 feet of 2-inch tubing. After friction 
wrench make-up during running, no 
mechanical damage was present on the 
coated surfaces. 

Case Six: This urethane has made 
possible the fabrication of down-hole 
water pumps of coated ferrous materi- 
als replacing bronze alloys at a cost 
saving of 50 percent. 

The urethanes are a new material 
with versatility and unusual properties. 
The full potential of this material can- 
not be realized in the short space of a 
few years. Laboratory research is being 
conducted by many groups into further 
specialized uses for polyurethanes. 
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No need to baby TK-33 


TUBE-KOTE 


Coatings can take it! 


TK-33 is recommended for use in water 
injection wells, disposal wells, flow lines, 
production tubing, sucker rods and other 
accessory equipment where the environmental 
mineral temperature does not exceed 220°F. 
TK-33 has outstanding flexibility 
and impact resistance properties. JAI. = sintinteaaa eae 
You don’t have to baby TK-33. : tae P. 0. Box 20037 © Houston 25, Texas 


Branch plants: Harvey, Louisiana 
Midland, Texas 


TK-33 won’t crack, chip or craze, even 
when bent double. This illustration 
shows a piece of aluminum tubing 
coated with TK-33, split open and 
OUR 20TH YEAR... bent double. There is no evidence of 


THE INDUSTRY PIONEER surface damage to coating. 





tc SS FIBERS are being used to 
reinforce coal tar and asphalt coat- 
ings applied to underground steel pipes 
used for the transmission of water, crude 
oil, natural gas and other petroleum 
products. 

One type of reinforcing fiber glass 
used in pipe wrappings is porous with 
parallel reinforcement of textile strands 
as shown in Figure 1. This type is used 
for internal reinforcement of coatings 
that are machine applied, particularly in 
over-the-ditch operations where high 
tensile strengths are required during 
application. 


Resistances of Glass Fiber 


The ability of fiber glass to resist im- 


pact is shown in Figure 2. The two 
pipes were stuck together. The top pipe 
was unreinforced and its coating spalled, 
leaving the metal exposed to corrosion. 
The reinforced coating on the bottom 
pipe was only bruised at the point of 
contact indicated by the arrow. 


Another characteristic of glass fiber 
reinforcement is resistance to the atmos- 
phere, shown in Figure 3. The two pipes 
were machine coated with the same coal 
tar enamel and exposed to the atmos- 
phere for two years. The pipe on the 
left with the badly cracked coating had 
no reinforcement while the other had 
glass pipe wrap and showed little effect 
from the exposure, 

Glass fiber is an effective reinforcing 
material in an underground corrosion 
protection system because it is resistant 
% Extracted from a paper titled “Glass Fiber 

Reinforcing of Coatings’ by B. A. 

Johns-Manville Fiber Gle Inc., Toledo, 

Ohio, presented at a meeting of the North 

Central tegion, National Association of 

Corrosion Engineers, Cincinnati, October 

15-17, 1958. 


Abstract 


Jses of glass fibers as reinforcement in 
coal tar enamels for corrosion control 
of underground pipe is discussed. Re- 
sistance of glass fiber to impact, atmos- 
pheric conditions and chemical attack 
is given with data presented in tables 
to show the properties and cost factors 
of basic fiber types, mats and cloths. 
Possible future applications of other 
fiber types are discussed briefly also. 

6.6.6 


to the electrochemical attack of water, 
acids and alkali found in soils. Table 1 
gives the softening point and resistance 
of pipe wrap glass fiber to water, acid 
and alkali in comparison to window 
glass and Pyrex laboratory glass. 

Glass fiber reinforcement must be 
produced at a cost low enough so that 
an adequate amount can be economi- 
cally used on a given job. For example, 
the most commonly used fiber has a 
diameter of 0.0006-inch. There is ap- 
proximately one pound of this glass 
fiber in each hundred square feet of 
underground pipe wrap. This amount of 
wrap sells for about 75 cents. 


Another economical fiber type used for 
corrosion protection is the continuous 
textile strand. The most common ex- 
ample of this type is called the 150 1/0. 
This textile strand is made up of a 
bundle of parallel glass monofilaments, 
each being approximately 0.00038 inches 
in diameter. A bundle has 204 monofila- 
ments and a diameter of 0.0069-inch. 
The continuous textile strand has higher 
tensile and impact strengths than the 
coarser monofilament. 

Underground pipeline installation is 
estimated to cost in dollars per mile at 
2500 times the pipe) diameter in inches. 
A 10-inch pipe costs $25,000 per mile. 
The cost of glass pipe wrap for this 
diameter pipe is about $170 per mile, or 
less than one percent of the total cost. 


Figure 1—Parallel reinforcement of textile 

strands in porous type glass fiber pipe wrap used 

for internal reinforcement of —s that are 

machine applied and which require high tensile 
strengths during application. 


Other Types of Glass Fibers 


Several forms and combinations of 
glass fibers have been used successfully. 
One is the porous mat made up of mon- 
ofilaments of 0.0006-inch diameter. A 
variation of this porous mat is one con- 
taining random reinforcing of textile 
strands to increase tensile strength in 
all directions. Another type has parallel 
reinforcing strands as shown in Figure 
1. Another porous wrapper is made 
entirely of textile strands in a woven 
fabric, 20 yarns to the inch. After weav- 
ing, the fabric is treated to prevent 
weave distortion during the wrapping 
operation, This wrapper is used with 
either hot or cold applied coatings and 
usually is hand applied. 

Machine and hand applications of 
glass fiber wrap are shown in Figures 
4 and 5. Over-the-ditch application by 
machine of a saturated wrapper consist- 
ing of the monofilament mat filled with 
bitumen is shown in Figure 4. Figure 
5 shows a typical hand application of 
the saturated textile cloth. The saturant 
is being softened with a torch to obtain 
good adhesion. 


Glass Fiber Properties 
Properties of monofilament porous 
mat and porous textile woven fabric are 
compared in Table 2. The textile fabric 
has less fiber length per dollar and 
lower fiber surface area per dollar than 
the porous mat. The fabric also has 
higher tensile strengths and higher im- 
pact resistance than the monofilament 
mat. Individual monofilaments have 
greater length and surface area, but 
when combined as textile strands, most 
of the surface area is not available as 
frictional resistance to the flow of the 
coating, 
(Continued on Page 104) 
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Built by the La.-Miss. Pipe Line 
Construction Co. of N.C., Inc. for 
the City of Shelby, North Carolina, 
this six-mile line of six-inch pipe 
will serve the new fiberglass plant 
there. To insure complete protection, 
Roskote Mastic was used. 


TECHNICAL 


TOPICS 


Low cost—and superior—pipeline protection 
with Roskote Cold-Applied Mastic 


Six miles of six-inch pipe ... a small job? To be sure, 
but representative of the bulk of pipeline jobs. 
Whether two miles of two-inch or twelve miles of 
twelve-inch, Roskote and the manually operated 
Roskoter provide fast, positive protection at lowest 
cost. 

Two coats were applied on this job, using two 
Roskoters (shown in position on the line), traveling 
just “drying time” apart—which for Roskote is only a 
half hour. 

Roskote has high electrical resistivity and extreme 


ROYSTON LABORATORIES, Inc. 
Blawnox, Pittsburgh 38, Pa. 
A LEADER IN THE FIELD OF INDUSTRIAL 
COATINGS FOR CORROSION CONTROL 


ATLANTA @ CHICAGO ¢ HOUSTON 
PHILADELPHIA °¢ SAN DIEGO ¢ TULSA 


resistance to all corrosive environments. It dries to a 
tack-free film in 30 minutes or less. Unaffected by tem- 
peratures from sub-zero to 250°F., Roskote will not 
oxidize, scale or check. It bonds readily to previous 
coatings, such as Roskote, coal tar or asphalt. Roskote 
may be applied also by brush, glove or spray. 

For complete technical information on Roskote and 
the time-saving, cost-saving Roskoter, please clip and 
mail the coupon below. 


ROYSTON LABORATORIES, Inc. 
Pittsburgh 38, Pa. 


Please send without obligation complete technical information on 
Roskote and the Roskoter coating device. 


Name 
Company... 
Address. 


City 
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Figure 2—Impact resistance of a coating that has 
been reinforced with glass fibers. Two pipes 
shown were struck together so each would re- 
ceive the same impact. Both pipes were coated 
with 3 /32-inch of modified coal tar enamel. The 
unreinforced coating on the top pipe spalled, 
leaving the metal exposed. The reinforced coat- 
ing of the bottom pipe was only bruised at the 
point of impact, indicated by the arrow. 


TABLE 1—Comparison of Glass Types 
as Fibers 


Pipe | 
Wrap | 


Window | 
Glass 


Glass | 


Pyrex 
Property Glass 


Softening Pt.'F. | 1200 1280 1508 


Loss 1 hr. 
Boiling Water 0.8% 

Loss 1 hr. 
H2SO4 1N 0.8% 


Loss 1 hr. 


NaOH 0.1 N. 20.0% 6.4% 40.0% 


TABLE 2——Comparison of Mat and Cloth 


Property 


Glass Fiber, Ib/square 


$/square. 


rensile Ib/in 


Fiber length /dollar/miles 
Fiber surface area 
dollar/sq. ft 


Figure 4—Saturated wrapper consisting of monofilament mat filled with 
bitumen is being machine applied in an over-the-ditch operation. 


OF CORROSION 


Glass Fiber — 


(Continued From Page 102) 


Woven cloth is more expensive than 
the glass fiber. Cloth is woven by a 
textile manufacturer after the glass fiber 
is made by another manufacturer, then 
a third manufacturer usually treats the 
fabric. Monofilament pipe wrap mats are 
sold by the glass fiber manufacturers 
as a finished product, 


Other Types of Fibers 

Another basic fiber type is the B fiber 
staple used in many insulation applica- 
tions such as under automobile hoods. 
The properties of this staple are com- 
pared to textile 150 1/0 and mat mono- 
filament in Table 3. The unusual tensile 
strength and impact resistance of the 
textile strand may be used in future 
applications of non-woven fabrics for 
corrosion control. 


One non-woven fabric being devel- 
oped is made up entirely of resin bonded 
textile strands about three inches long. 
This is a thinner mat of the type used 
in plastic reinforcement. It is thin 
enough and porous enough for use as 
an internal reinforcement wrap in coal 
tar enamels. 


Summary 

Basic properties necessary for rein- 
forcing found in glass fibers are chem- 
ical durability, high strength, high fiber 
length and high fiber surface area at 
low cost. 

Only two forms of glass fibers have 
been used as reinforcement in coatings: 
The 0.0006-inch diameter monofilament 
mat and the woven textile fabrics, but 
many other basic glass fibers are avail- 
able and other forms of assembling 
them are possible for future uses. 


TABLE 3—Comparison of Basic Fiber Types 


Mat 
Mono- 

B fila- 
Staple | ment 


Textile 
150 1/0 


-00690 


Property 


Fiber diameter inches. . 


Fiber length miles/Ib | 


Surface area sq ft/Ib... 
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Figure 3—Resistance of glass fiber reinforced 
coatings to atmospheric exposure. Both pipes 
were machine coated with the same coal tar 
enamel and then exposed to the atmosphere for 
two years. Pipe on the left had no coating re- 
inforcement; the other had glass pipe wrap. 


Technical Topics 
Scheduled for May 


Comparative Effectiveness of 
Coatings for Offshore Drill- 
ing Structures, by C. G. Mun- 
ger 


High Temperature, High Pres- 
sure Testing of Organic Coat- 
ings for Oil and Gas Well 
Tubing, by Cordell Garner 


Solving Some Oil Ash Corrosion 
Problems, by R. S. Norris 


Figure 5—Typical hand application of a saturated textile cloth containing 
glass fibers. The saturant is being softened with a torch to obtain good 


adhesion. 
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A “PRUFCOAT SERVICE” PROFILE 


(one of a series) 


president 

and founder 

of Prufcoat 
Laboratories, Inc. 


It was Norm MacCuspie’s perceptiveness and sound judg- 
ment back in 1939 that gave Prufcoat its philosophy for 
healthy growth in the then-infant protective coatings field. 
Today, in Prufcoat’s 20th anniversary year, Norm sums up 
the key elements of this philosophy this w ave « 


& “It didn’t take us long to find out that the success or 
failure of many protective coating applications depends 
on the competence of the man servicing a customer plant. 
He must possess the kind of skill that only comes from thor- 
ough training and hard-won practical experience. And he 
must be backed up by a competent headquarters staff capa- 
ble of solving a wide variety of corrosion problems.” 


3 “To make certain that only men of competence render 
Prufcoat Service, it has long been company poliey to train 
and equip every Prufcoat representative to do a superior 
service job. Year after vear, we budget substantial sums of 
money to underwrite this service philosophy. It’s a policy 
that’s paid uninterrupted dividends for twenty vears—to 
Prufcoat and its customers alike.” 


TOPICS 


& “While it takes competent customer service to insure 
best possible protective coating performance, it also takes 
coatings of outstanding quality if maximum benefits of top- 
flight service are to he achieved. Consequently, from our 
verv earliest days, research and development has been a 
vigorously supported company activity. It has meant a regu- 
lar flow of new and better corrosion-control products that 
time after time have set new standards of quality in the 


coatings field.” 


—<_— 
3) oF cot sont 


WHY NOT PUT PRUFCOAT SERVICE TO WORK FOR YOU? 

Your Prufcoat representative can help you plan and execute 

the kind of corrosion-conirol program that will save you 

many precious new construction and maintenance dollars 

. and many maintenance headaches, too! There is no cost 
or obligation. Just write or call @ @ @ 


PRUFCOAT LABORATORIES, INC., 63 MAIN ST., CAMBRIDGE 42, MASS. 





The quality of 
Humble Protective Coatings 


means big savings offshore 


On costly offshore platforms and equipment, the costs of frequent 
repainting, and of repairing corrosion damage are extreme. Quality paints and 
coatings mean economy. Humble has developed coatings and systems that give 
maximum protection against the powerful corrosive action of salt water splash, 
spray and vapor. These coatings and systems have proved their value wherever 
drillers go down to the sea. 


Humble produces a complete line of paints and protective coatings. For 
offshore installations, there’s a Humble protective coating for every surface 
from the splash-zone to the crown block, including the working platform and 
structures of metal or wood on the platform. 


Without cost or obligation you can benefit from Humble’s research and 
experience. At your request Humble’s trained engineers will make a thorough 
study of your coating needs, and recommend a complete painting program. 


For detailed information on how Humble’s protective coatings can save 
you money, call your Humble salesman, or phone or write: 


HUMBLE OIL & REFINING COMPANY 
Consumer Sales, P. O. Box 2180 
Houston 1, Texas 


Humble’s line of 
coatings includes — 


*RUST-BAN® ~— * Vinyls 

© Epoxies * Acrylics 

* Phenolics * Enamels 

* Tank coatings * Hot surface coatings 


® Interior and exterior 
emulsion-type paints 
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GENERAL 


1.6 

Corrosion Symposium, Cologne, 15 May 
1957. Metalloberflache, 11, No. 11, 349- 
355 (1957). 

Detailed resumes are given of the fol- 
lowing papers presented at the meeting: 
Th. Heumann, Current Knowledge of 
Passivation and Surface-Film Forma- 
tion; H. J. Engell, Studies on the Cor- 
rosion of Metals Forming Imperfect 
Surface-Films; C. Carius, The Signifi- 
cance of Oxygen in the Passivation and 
Corrosion of Chromium and Corrosion- 
Resistant Chromium and Chromium- 
Nickel Steels in Boiling Sulphuric Acid; 
L. Piatti, Passivation and Surface-Film 
Formation in Softened Water; D. Al- 
tenpohl, Formation and Properties of 
Surface Films Formed by the Inter- 
action of Aluminum and Water; M. 
Weiner, Current Knowledge of the Cor- 
rosion of Condenser Tubes; H. Klas, 
Studies on Surface-Film Formation Re- 
sulting from Cathodic Polarization; M. 
Grafen, The Influence of Surface-Film 
Formation on Stress Corrosion Crack- 
ing; A. Kutzelnigg, Corrosion Protec- 
tion by Air Conditioning; H. Deter- 
mann, Corrosion Protection During Sea 


Transport in Tropical Climates; O. 
Marsch, Corrosion of Metal Surfaces in 
Natural and Artificially Produced Trop- 
ical Climates —MA. 15875 


1.6, 6.3.18 

The Metallurgy of Vanadium. W. 
Rostoker. Book, 1958, 185 pp. John 
Wiley and Sons, Inc. 

Subjects covered include extractive 
metallurgy of vanadium, properties, cor- 
rosion and embrittlement, and vanadium 
as an alloy addition —INCO. 15516 


1.6, 4.7 

Lithium Symposium—Analytical Pro- 
cedures and High-Temperature Corro- 
sion. Reading List E. E. Hoffman and 
D. H. Jansen. Oak Ridge National Lab. 
U. S. Atomic Energy Commission 
Pubn., CF-57-10-6 (Rev.), January 20, 
1958, 32 pp. Available from Office of 
Technical Services, Washington, D. C. 

A list of 222 references pertaining to 
corrosion by molten lithium and related 
subjects was compiled in connection 
with a Lithium Symposium held at the 
Oak Ridge National Laboratory on 
August 7-8, 1957. This list is by no 
means exhaustive but it is thought to 
contain most of the information pres- 
ently available on these subjects. In 
many cases the individual references 
will contain additional references. (auth) 


—NSA. 15452 


1.7 Organized Studies 
of Corrosion 


1.7.1 

‘Scientific Achievements of TsNIT- 
MASh in the Field of Materials and 
Technology of Mechanical Engineering. 
(In Russian.) I. R. Kryanin. Metalloved. 
i Obrabotka Metallov., No. 11, 56-65 
(1957). 

Kryanin reviews the work of the Rus- 
sian Central Scientific Research Insti- 
tute of Technology and Mechanical En- 
gineering in developing new materials 
for machine _construction, methods _ of 
testing materials for research or quality 
control (creep, fatigue, static, corrosion, 
erosion and non-destructive testing), 
production methods (vacuum-casting, 
working, welding and heat-treatment) 
and methods of improving service life.— 


MA. 15924 


1.7.1, 3.8.2 

The Fourth Conference on Electro- 
chemistry. (In Russian.) B. N. Kabanov. 
J. Phys. Chem., USSR (Zhur. Fiz. 
Khim.), 31, No. 2, 524-527 (1957). 

The conference was held in Moscow 
in October 1956. One session was 
devoted to the influence of the double- 
layer formation on the kinetics of 
electrode processes, four sessions to hydro- 
gen overvoltage and electrochemical 
reduction, three to electrochemical oxida- 
tion and passivation, four to electro- 
deposition and one session to electro- 
chemical processes in non-ferrous 
metallurgy. Problems connected with the 
action of storage batteries were also dis- 
cussed.—MA. 15886 
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1.7.1, 6.2.2, 6.2.3 

A Half Century of Work in Corrosion 
of Iron and Steel. Committee A-5 Cele- 
brates Fiftieth Anniversary. H. F. Hor- 
mann. Am. Soc. for Testing Materials 
Bull., No. 228, 17-20 (1958) Feb. 


Recounts highlights in history of Am. 
Soc. for Testing Materials Committee 
A-5 on Corrosion of Iron and Steel, 
covering early work to determine dif- 
ference in corrosion rates of iron and 
steel, effects of possible segregation in 
ingot, and influence of carbon and man- 
ganese contents of steel; numerous at- 
mospheric corrosion tests of plates and 
wires to determine effectiveness of pig- 
ments as protective coatings, weight of 
zinc coatings, and influence of copper 
content in steel; immersion tests in city, 
brackish, mine and sea waters; com- 
parison of relative corrosion rates with 
respect to atmospheric test location; in- 
vestigation of copper-steel plates and 
silicon-steel plates fastened with rivets 
of different composition exposed to sea 
water; and work on causes of embrit- 
tlement of hot-galvanized steel. Present 
tests on atmospheric corrosion of car- 
bon steel, alloy steels and nodular irons 
at Kure Beach and Newark, N. J., are 
mentioned.—INCO. 15523 


Abstracts in This Section are selected 
from among those supplied to sub- 
scribers to the NACE Abstract Punch 
Card Service. Persons who are in- 
terested in reviewing ali available 
abstracts should write to NACE for 
information on this service. 


PHOTOPRINTS and/or 
MICROFILM COPIES 


of Technical Articles Abstracted in 


Corrosion Abstracts 
May Be Obtained From 


ENGINEERING SOCIETIES LIBRARY, 29 West 
39th Street, New York 18, N. Y. 


CARNEGIE LIBRARY OF PITTSBURGH, 4400 
Forbes St., Pittsburgh 13, Pa. 


NEW YORK PUBLIC LIBRARY, New York City. 


U. S. DEPT. OF AGRICULTURE LIBRARY, 
Office of Librarian, Washington, D, C. 
(Special forms must be secured), 


LIBRARY OF CONGRESS, Washington, D. C. 


JOHN CRERAR LIBRARY, 86 East Randolph 
St., Chicago 1, lil. 


Persons who wish to secure copies of articles 
when original sources are unavailable, 
apply directly to any of the above for cop 
Full reference information should accompany 
request. The National Association of Cerro- 
sion Engineers offers no warranty of any 
nature concerning these sources, and publishes 
the names for information only. 


NACE will NOT accept orders for ph 
or microfilm copies of material not reitehed 
by the association. 
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POSITIONS WANTED AND _ AVAILABLE 


Active and Junior NACE members and companies seeking 
salaried employees may run without charge two sonsecutive ad- 


vertisements annually under this heading, not over 35 words 
set in 8 point text type. Advertisements to other specifications 
will be charged for at $10 a column inch. 





Positions Available 


Sales Engineer—Opportunity of a life- 
time. Progressive top rated Eastern 
paint manufacturer has splendid opening 
for experienced corrosion prevention 
salesman. Prefer young man with ability 
to manage, supervise and train salesmen 
in his department. Future possibilities 
unlimited and depending on his ability. 
Replies treated in strict confidence. 
CORROSION, Box 59-1. 





Complete line of corrosion proof mate- 
rials and construction services including 
acid and alkali proof cements, brick, lin- 
ings, coatings plastic ventilation and 
process equipment. This is a major line 
and requires technically trained agents 
who can devote a substantial portion of 
their time selling to industry and archi- 
tect engineers. Several protected terri- 
tories available in East, South and Mid- 
west. CORROSION, Box 59-16. 


CORROSION ENGINEERS 


Several attractive openings are avail- 
able with a highly regarded, major 
Eastern engineering company. These 
positions require Electrical Engineer- 
ing graduates with 5-10 years experi- 
ence in corrosion control investigations, 
corrosion testing and solution of corro- 
sion problems on pipelines, underground 
eables, power plant structures, piers, 
wharves, water and oil storage tanks, 
ete, 

These positions offer ample oppor- 
tunity for professional growth and per- 
sonal achievement. Considerable travel 
within the USA with possibilities of 
some overseas work, We invite you to 
investigate these opportunities by for- 
warding a complete confidential resume. 


CORROSION, Box 58-17 








TECHNICAL 
SERVICE 
Coal Tar Products 


BS Chemistry or chemical engineering, Mini- 
mum 5 years’ experience in technical service 
or in sales of coatings, electrode carbon, wood 
preservatives or coal tar chemicals, Must have 
ibility to write and deliver papers to associa- 
tions, ete, State salary requirements, 
Send resume to 
Personnel Department 


Plastics & Coal 
Chemicals Division 


ALL I 


E D 
CHEMICAL CORP 


40 Rector St New York, N. Y. 





Manufacturer’s Agent—Major manu- 
facturer of corrosion resistant protective 
coatings seeking topnotch representa- 
tives for exclusive territories of Pitts- 
burgh, Omaha, Louisville, Minneapolis, 
North and South Carolina. Commission 
basis. Excellent opportunity in rapidly 
expanding field. High potential. COR- 
ROSION, Box 59-15 


Positions Wanted 


M.S.ChE., age 24, family. Over two 
years’ experience in materials and proj- 
ect engineering with large polychemicals 
plant, Basic knowledge of engineering 
materials and applications, corrosion, 
plastics. Seeking responsible technical 
position. Prefer Pittsburgh area or 
East Texas. CORROSION, Box 59-11. 





Corrosion Materials Finishing Engineer 
with broad experience, background cov- 
ering laboratory, technical sales-service, 
above lines. Heavy supervision from 
manager chemical manufacturing plant 
to supervisor, corrosion surface treat- 
ments laboratory covering missile appli- 
cations. Resume on request. CORRO- 
SION, Box—59-12 


Cathodic Protection Engineer. 4 years 
experience in field surveys, design and 
installation of protection of pipelines, 
harbour installations, tanks and other 
structures. Has held responsible position. 
Looking for job in San Francisco Area. 
Ready to start in April, 1959. CORRO- 
SION, Box 59-14 


Corrosion Engineer—Metallurgist. 
Broad experience in metallurgy and cor- 
rosion control in steel and chemical in- 
dustry. 14 years experience in sales, 
production, fabrication, corrosion miti- 
gation, and consultation with major 
companies, Desires responsible position 
in corrosion engineering or sales devel- 
opment. Will consider any location. 
Corrosion. Box, 59—18 


Corrosion Metallurgist-Chemical Engi- 
neer: B. S. Chemistry, 1949, chemical en- 
gineering, 9 years technical experience, 6 
years as lead engineer for corrosion sec- 
tion. Technical papers, NACE: Sym- 
posium chairman, Nuclear Field. NACE 
Committees-vice chairman. Married, Age 
32. CORROSION, 59—17 

e 
Northeast Region Meeting will be held 
October 5-7, 1959, at Baltimore, Mary- 
land. 

& 
South Central Region Meeting has been 
set for October 12-15 in Denver. 

2 
The Western Region Conference is sched- 
uled for September 29-30, October 1, 1959, 
at Bakersfield, Cal. 

& 


North Central Region Meeting will be 
held in Cleveland, October 20-22. 





2. TESTING 





2.1 General 





21.1 

The Use of Statistics in Corrosior 
Research. G. M. W. Mann. J. Applied 
Chem., 7, No. 7, 419-424 (1957) July. 

Principles underlying use of statisti- 
cal calculation of probability and corre 
lation and variance of results are 
outlined and their application to examina- 
tion of corrosion problems is discussed 


—INCO. 14704 


2.1.1, 7.5.5, 4.4.6 

A Statistical Evaluation of Corrosion 
in the Bottom of a Hydrocarbon Tank 
by Sampling. C. Meyer. Rev. Inst. Fran- 
caise Petr., 12, 834-863 (1957) July- Au- 
gust. 

A statistical evaluation of thickness 
measurements made on cylindrical sam- 
ples obtained by controlled sampling 
from the bottom. of a 16.5 m dia., rather 
uniformly corroded hydrocarbon storage 
tank during service shows that in 20 
years the bottom had become 0.70 mm 
thinner and that an extra thickness of 
1.0 mm would be desirable for the bot- 
tom of a new tank. The results suggest 
that the relative frequency curves for 
non-corrosion and surface corrosion are 
symmetrical although flater than Gaus- 
sian distributions, while variations in 
pitting corrosion follow the Galton dis- 
tribution law. 15371 





2.2 On Location Tests 





22:5; 173, 2212 

Long-Term Corrosion Tests on 
Painted Steel Exposed to Atmosphere. 
(In French.) Paul Nylen. Peintures, 
Pigments, Vernis, 34, 116-117 (1958) 
March. 

Corrosion Committee of Royal Acad- 
emy of Sciences of Sweden has, since 
1938, carried out several series of ex- 
tended tests on plates painted with dif- 
ferent types of paints and exposed to 
atmospheres in various parts of Sweden. 
Results are reported in terms of influ- 
ence of climate and nature of paint on 
intrusion of rust—MR. 16098 


2.2.2, 5.4.5 

Corrosion-Research Laboratories. Pt. 
XII. Ministry of Supply Outdoor-Ex- 
posure Station, Glencoed, Wales. Test- 
ing Paints by Outside Exposure. (Pts. 
I, II). C. R. Edwards and E. Jenkins. 
Corrosion Technology, 4, Nos. 6, 7; 192- 
194, 245-250 (1957). 

Pt. I. The site and equipment is de- 
scribed. Paint breakdown is measured 
by a single assessment. 

Pt. II. Each specimen is assessed at 
fixed intervals. A scale of 5 degrees of 
failure is discussed and a ao 





2.3 Laboratory Methods 
and Tests 


2.3.2 

The Acetic Acid Salt Spray Test. J. 
H. Hooper. Bull. Inst. Metal Finishing, 
8, No. 1, 79-90 (1958) Spring. 

Describes a large-scale investigation 
which was conducted to compare the 
relative merits of the 1% Acetic Acid 
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5% Salt Spray Test with other acceler- 
ated methods for evaluating the corro- 
ion resistance of anodized aluminum 
nd chromium-nickel-copper systems on 
teel, zinc and copper basis materials. 
\ considerable number of specimens 
vere tested by the three accelerated test 
1ethods and by outside exposure, in- 
luding a wide range of anodic film 
hickness on high purity aluminum and 
uper purity aluminum (99.99%) to- 
ether with a wide thickness range of 
iromium-nickel-copper deposits upon 
eel, brass, and zinc basis materials. 

is concluded that the 24 hour sulfur 
oxide test is the most suitable for 
ipid assessment of chromium-nickel 
nd chromium-nickel-copper deposits on 
eel, but that the hot or cold acetic 
sts were the most useful for evalua- 
on of similar coatings on zinc base 
iloy or brass. In the case of anodized 
igh purity and super purity aluminum, 
is shown that a definite relationship 
xists between anodic film thickness and 
ite of breakdown, using the hot acetic 
icid method, but that the other accel- 
rated methods are not very satisfac- 
ry. The work confirms the opinion of 
evious investigators, that the straight 
salt spray is not suitable as an 
iccelerated test for chromium-nickel- 
ypper systems on any of the basis 
metals tested or for anodized alumi- 
um, in that virtually no correlation 
xists between the rate and type of 
breakdown found when using the test 
ind that which occurs under atmos- 
heric exposure. (auth)—ALL. 15642 


2.3.2 

Corrosion Testing Methods. W. Wie- 
ierholt. Paper before Congres Euro- 
»éen de la Corrosion, Paris, November 
1956. Corrosion et Anticorrosion, 6, 80- 
100 (1958) March; Werkstoffe u. Kor- 
‘osion, 9, 133-146 (1958) March. 

Detailed description of controllable, 
iccelerated corrosion tests under labor- 
itory conditions. Tests include humid- 
ity, sulfur dioxide, carbon dioxide, salt 
spray and immersion. Supporting data 
on steel, zinc, aluminum and copper 
plus nickel plus chromium plated steel 
are given.—INCO. 15600 


2.3.2 

Salt Spray Testing of Tinplated Cop- 
per. I. Corrosion Measurement by 
Chemical Porosity Test. Martin S. 
Frant. Plating, 45, 157-160 (1958) Feb. 

Correlation of visual results with the 
porosity test, and examples of its use 
in determining corrosion rates, compar- 
ing various types of salt-spray, deter- 
mining the effect of plating thickness 
on corrosion resistance, comparing dif- 
ferent plating solutions, and the effect 
of reflowing (melting) the tin coating. 
—BTR. 15458 


2.3.4, 3.2.2, 4.3.2, 6.2.5 

Nitric- Hydrofluoric Acid Evaluation 
Test for Type 316L Stainless Steel. 
Donald Warren. Am. Soc. Testing Ma- 
terials Bulletin, No. 230, 45-56 (1958) 
May. 

The 10% nitric-3% hydrofluoric acid 
test can be successfully used to evaluate 
the intergranular corrosion resistance of 
type 316L stainless steel—BTR. 16082 


2.3.4, 3.2.2, 6.2.5 

Intergranular Corrosion Resistance of 
Austenitic Stainless Steels. A Ferric 
Sulfate-Sulfuric Acid Test. M. A. 
Streicher, du Pont. Am. Soc. Testin 
— Bull, No. 229, 77-86 (1958 
April. 
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Characteristics of evaluation methods 
(boiling nitric acid test, copper sulfate- 
sulfuric acid test, nitric acid-hydrofluo- 
ric acid test and oxalic acid etch test) now 
in use are discussed. Various limitations 
inherent in each of these indicate need 
for new evaluation test. Development 
and performance of ferric sulfate-sul- 
furic acid test which fulfills require- 
ments are described. Test is specific for 
intergranular attack associated with car- 
bide precipitation in unstabilized steels. 
It takes only 120 hours, utilizes simple 
flask and condenser apparatus and per- 
mits testing of several specimens in 
same flask. Test solution consists of 
600 ml boiling 50% sulfuric acid with 
an amount of ferric sulfate depending 
on number of specimens used per flask. 
About 10 g of ferric sulfate is required 
for each gram of steel dissolved. Total 
amount of ferric sulfate must not ex- 
ceed solubility, 48 g per 600 ml at boil- 
ing temperature. There is practically no 
consumption of acid and no effect of 
corrosion products on rate of attack. 
Results are given of tests using new 
method on Types 304, 304L, 316 and 
316L, and are compared with results of 
standard oxalic etch, standard nitric 
acid tests and, in some cases, nitric 
acid-hydrofluoric acid and copper sul- 
fate-sulfuric acid tests. Proposal for 
evaluation sequence for austenitic stain- 
less steels is outlined. Graphs show 
effects of sulfuric acid and ferric sulfate 
concentrations. Tables, photomicro- 
graphs.—INCO. 15943 


2.3.1, 2.3.9 

A New Approach to the Measurement 
of Coating Thickness by Fluorescent 
X-Ray Absorption. F. A. Achey and 
E. J. Serfass. Lehigh Univ. J. Electro- 
chem. Soc., 105, No. 4, 204-205 (1958) 
April. 

Absorption of x-ray fluorescence from 
base metal of plated sample is most fre- 
quently used x-ray method for coating 
thickness determinations. If both coat- 
ing and base metal yield fluorescence 
x-rays, it is necessary to isolate base 
metal fluorescence before measurement. 
Balanced filters are used for isolating 
fluorescence from base metal. Results 
show close agreement with crystal re- 
flection techniques. Simplicity of 
method, together with low cost equip- 
ment and high accuracy, recommend it 
as useful tool in measuring plate thick- 
ness. Data are presented for iron coat- 
ing on silver and on zirconium base 
metals.—INCO. 16037 


2.3.9, 5.4.5 
Modern Methods of Measurement in 
Paint Technology. G. Neumann. Farbe 
u. Lack, 64, No. 1, 38 (1958). 
Measurements of film thickness based 
on magnetic and capacitative principles, 


porosity measurements and _ viscosity 
and flow measurements were discussed. 
—RPI. 15488 
2.3.9 


Film Thickness Determination from 
Substrate X-ray Reflections. D. T. 
Keating and O. F. Kammerer. Brook- 
haven National Lab. Rev. Sci. Instru- 
ments, 29, 34-36 (1958) January. 

A method is given for the determina- 
tion of the thickness of films using 
x-ray diffracted from the substrate. The 
x-rays pass through the film and are 
diffracted by the substrate back to the 
counter, the intensity being reduced by 
adsorption due to the double transmis- 
sion through the film. No assumptions 


58a 


need be made about the substrate re- 
flection. Unknown conditions of the sub- 
strate are eliminated by measurement 
of the intensity of two orders of a re- 
flection, or measurement of the inten- 
sity of a reflection using two different 
incident radiations. The method is suit- 
able for all types of film, and is par- 
ticularly useful in measurements of 
films containing elements of the sub- 
strate for which cases x-ray fluores- 
cence techniques are of little value. The 
procedure is illustrated with a measure- 
ment of the thickness of zirconium 
nitride on a zirconium substrate. (auth). 
—NSA. 15425 





2.4 Instrumentation 





2.4.2 

An Accelerated Corrosion Test Cham- 
ber. W. Hess. Corrosion Prevention 
and Control, 5, No. 5, 47-51 (1958) April. 

Describes accelerated corrosion test 
chamber and test procedure developed 
at the Swiss PTT Chemical Labora- 
tory. New testing method possesses ad- 
vantage compared to principle of jets, 
namely, that air circulation is substan- 
tially reduced. Aerosol apparatus, which 
constitutes main part of new test cham- 
ber, permits material to be introduced 
without production of air currents. It 
is possible, simultaneously with aero- 
sols, to introduce by very simple means 
an inert gas or chemically active gas 
as required, to produce all those condi- 
tions which are encountered in practice. 
Results are presented of tests on various 
paint coatings on iron plates. Table lists 
climatic conditions for five test se- 
quences in the corrosion test chamber. 


—INCO. 15680 


2.4.2, 3.5.8, 2.3.7 

A High Temperature Vacuum and 
Controlled Environment Fatigue Tester. 
G. J. Danek, Jr. and M. R. Achter. 
U. S. Naval Research Lab., May, 1958, 
12 pp. Available from Office of Techni- 
cal Services, U. S. Dept. of Commerce, 
Washington 25, D. C. (Order PB 
131737). 

Equipment was developed for reverse- 
bending fatigue tests at elevated tem- 
peratures in vacuum. Large strain am- 
plitudes at low frequencies are used to 
produce failures in approximately 10° 
cycles. In addition to environmental 
studies, this equipment may be used for 
metallographic investigations of fatigue 
damage and crack initiation and growth 
at elevated temperatures. A major de- 
sign problem, the transmission of mo- 
tion through a vacuum seal, was cir- 
cumvented by the use of a magnetic 
coupling driven at the resonant fre- 
quency of the specimen. Two methods 
of vibrating the specimen were devel- 
oped. One uses two oscillating perma- 
nent magnets outside the vacuum 
chamber, while the other employs two 
electromagnets excited alternately. A 
thyratron circuit automatically stops the 
test when a crack develops. Fatigue 
data were gathered for type 316 stain- 
less steel in a vacuum of 3 x 10°mm 
of mercury through a range of stresses 
at 1500 F.—OTS. 16033 


2.4.3, 2.3.9, 7.6.4 

Pinpointing Boiler-Tube Corrosion. R. 
M. Peterson. Magnaflux Corp. Power, 
102, No. 1, 112-113 (1958) Jan. 

Discusses method of radiographic in- 
spection in which an encapsulated ra- 
dioactive isotope takes pictures of tube’s 
insides and immediately pinpoints cor- 
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rosion areas. Results of tests were 
highly satisfactory. Degree of corrosio1 
showed plainly on film. Method cai 
virtually eliminate forced boiler shut 
down caused by tube corrosion. Photos 


—INCO. 1547: 





3. CHARACTERISTIC 
CORROSION PHENOMENA 





3.2 Forms 





3.2.2, 6.3:6 

Formation of Flakes on Copper Wires 
(In German.) E. Lindau. Z. Erzbergbai 
u. Metallhiittenw., 10, 504-509 (1957 
October. 

“Flakes” are the tiny copper particles 
adhering but not bonded to the surface 
of copper wires. To obtain quantitative 
estimate of flake formation a certain 
amount of wire was washed with tri- 
chlorethylene under ultrasonic excita- 
tion. Reasons for the flake formation 
were oxide formation during heating in 
oxidizing atmospheres; surface rough- 
ness of the wire during drawing; copper 
grades with oxide inclusions. 3 refer- 
ences.—MR. 15954 


3.2.2, 6.3.15, 8.9.1, 3.5.9 

High Temperature Brittleness in Ti- 
tanium Alloys. N. MAKRIDES AND W. M. 
BALDWIN, JR. Case Institute of Tech- 
nology. U. S. Wright Air Development 
Center, U. S. Air Force. June, 1957, 29 
pp. Available from Office of Technical 
Services, U. S. Dept. of Commerce, 
Washington, D. C. (Order PB 13138.) 

Purpose of this study was to deter- 
mine whether titanium or its alloys will 
become brittle at high temperature and 
thus diminish their usefulness in _air- 
craft structures. A review was made. of 
various types of brittleness found at 
high temperatures in other metals and 
alloys so that any brittleness found in 
titanium could be compared and identi- 
fied. Materials were an alpha titanium 
alloy and an alpha-beta titanium alloy. 
Specific studies were made of strain 
aging phenomena, high-temperature 
brittleness and stress-rupture behavior. 
—OTS. 15010 


3.2.3. 5.9.2, 6.2.5 

Pickling Stainless to Remove Scale. 
W. E. McFee. Armco Steel Corp. Steel, 
141, No. 22, 103-104, 107 (1957) Nov. 25. 

Scale formed on stainless steels by 
exposure to high temperatures and fur- 
nace gases or from welding impairs cor- 
rosion resistance and is a hazard in 
fabricating unless it is properly re- 
moved. Scale adheres tightly to stain- 
less and is more difficult to remove than 
that on carbon steel. Mechanical and 
chemical methods of scale removal are 
described. Seven pickling treatments are 
listed. Photos.—INCO. 14965 


3.2:3,; 6.2.2 

Some Basic Problems of the Forma- 
tion and Adherence of Scale on Iron. (In 
German.) H. Engell and F. Wever. 
Acta Metallurgica, 5, 695-702 (1957) 
Dec. 

Some kind of Kirkendall effect occurs 
due to preferential diffusion of either 
metal or oxygen in an oxide layer dur- 
ing the scaling of metals. If the metal 
diffusion predominates, voids are formed 
between scale and metal, or the oxide 
layer is porous. Both these phenomena 
influence the mechanical adherence of 
scale on the metal and the kinetics of 
oxidation. In the case of preferential 
diffusion of oxygen there will be a com- 
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oressed region at the boundary metal to 
oxide (if the oxide has a larger specific 
volume than the metal) which facilitates 


he peeling-off of the scale. 6 references. 
—MR. 15767 





3.4 Chemical Effects 





3.4.3, 8.4.5 

Rates of Corrosion Product Removal 
rom Circulating System by Film For- 
mation and Settling. J. C. Suddath. Oak 
ridge National Lab. U. S. Atomic En- 
rgy Commission Pubn., CF-58-4-119, 
\pril 24, 1958, 5 pp. Available from 
)ffice of Technical Services, Washing- 
on, Dy. G 

Iron oxide deposits removed from 
iigh pressure system of HRT after the 
irst power run will be analyzed for 
Fe* in an attempt to determine the 
ime these deposits were circulated prior 
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to deposition (settling or film forma- 
tion). Deposits available are film from 


corrosion specimens (stainless _ steel, 
zirconium and titanium) and _ settled 
particles. (auth)—NSA. 15970 
3.4.3, 4.3.3 


Effect of Ferric Oxide on the Process 
of Steel Oxidation in Alkali Solutions. 
(In Russian.) E. I. Levitrna. Zhur. 
Neorg. Khim. (J. Inorganic Chemistry), 
2, 1158-1161 (1957) May. 

Study of the solubility of ferric oxide 
in alkali solutions and effect of its con- 
centration on thickness of the magne- 
sium oxide film formed—BTR. 14790 


3.4.3, 3.4.9, 5.3.4 

White Rust on Galvanized Ware—Its 
Origin and Prevention. (In German.) 
K. Daeves. Draht, 8, No. 8, 334-335 
(1957) August. 

Galvanized articles sometimes suffer 
very rapid corrosion, accompanied by 
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the appearance of a loose w rhite deposit 
consisting of basic zinc carbonate and 
zinc oxide. The common feature of all 
storage conditions favorable to white 
rust corrosion is the condensation of 
moisture. The attack can be induced by 
moistening the surface of the article 
with distilled water and keeping it in 
humid air. It can be avoided by storing 
and transporting the goods in well-aired 
containers or by greasing the surface. 
Chromate treatment does not ensure 
protection under all conditions—ZDA. 


15561 

3.4.6, 6.3.20 
The Oxidation of a Zirconium—50 
w/o Uranium Alloy in Oxygen. L. D. 
KIRKBRIDGE AND D. E. THomas. West- 
inghouse Electric Corp. U. S. Atomic 
Energy Commission Pubn., WAPD- 
LSR(MM)-43, — 26, 1955 (Declassi- 
fied March 21, 1957), il pp. Available 
from Office of Technical Services, 
Washington, D. C. 
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The oxidation studies were made on 
uranium-zirconium specimens machined 
from strip stock which was previously 
hot rolled at 1450 F. Oxidized speci- 
mens were sectioned and examined by 
X-ray techniques. Corrosion data are 
included and the phases present as a 
function of distance from the oxide-gas 
interface are tabulated. Equations are 
given for the linear corrosion character- 
istics. The investigation showed that 
the oxidation product is a_ tetragonal 
structure below 400 C and that the 
effect of O on the E phase is pronounced 
from 750 to 900 C.—NSA. 15349 


3.4.6, 3.2.3, 6.2.2 

Speed of Scaling of Pure Iron in 
Oxygen at Diminished Pressures and 
in Carbon Dioxide. (In German.) Nor- 
bert G. Schmahl, Hans Baumann and 
Hermann Schenck. Archiv fur das 
Eisenhiittenw., 29, 147-152 (1958) March. 

Velocity of scaling of electrolytic iron 
at 950° and at varying pressures. A 
linear relationship is found at lower 
pressures, a parabolic at higher pres- 
sures. Annealing of iron in pure carbon 
dioxide at 950° produces fine crystalline 
scale; no definite conclusions can be 
given on scaling regularity. Velocity of 
scaling is greater with increasing oxy- 
gen pressure.—MR. 16121 


3.4.8, 6.2.2 

Causes of Rapid Rust Film Formation 
on Cast Iron. (In German.) G. Schi- 
korr. Metalloberflache, 12, 81-84 (1958) 
March. 

Chlorine ions penetrate to graphite 
lamellas and remain there in spite of 
grinding. Depth of penetration corre- 
sponds to the length of lamellas. A 
40% relative atmospheric humidity suf- 
fices to start rusting. Almost 200 mi- 
crons at superficial layer must be re- 
moved to prevent rust deposition —MR. 

15477 
3.4.8, 6.2.5 

The Effect of Fluoride on the Cor- 
rosion of Stainless Steel in the Presence 
of Excess AL* Ion. Arnold R. Olsen. 
Oak Ridge National Lab. U. S. Atomic 
Energy Commission Pubn., ORNL-947, 
March 27, 1951 (Declassified Feb. 7, 
1957), 9 pp. Available from Office of 
Technical Services, Washington, D. C. 

Corrosion tests of Type 347 stainless 
steel for two weeks in boiling uranyl 
nitrate, sulfuric acid media, with and 
without additions of Al** and F” in a 
2:1 mole ratio, were made. The results 
show that although the presence of alu- 
minum greatly reduces the deleterious 
effect of fluoride, the corrosion rates are 
still three to four times greater than 
when no fluoride is present. (auth.)— 
NSA. 15877 


3.4.8, 3.6.5, 3.8.4, 6.2.2 

A Study of the Effect of Chloride 
Ion on Films Formed on Iron in So- 
dium Nitrite Solutions. G. W. Mellors, 
M. Cohen and A. F. Beck. National Re- 
search Council, Ottawa, Canada. J. 
Electrochem, Soc., 105, No. 6, 332-338 
(1958) June. 

The effect of chloride ion on the po- 
tential of iron in sodium nitrite solu- 
tions has been measured. This has been 
related to the surface composition and 
topography by the techniques of elec- 
tron diffraction and electron § micro- 
scopy. The effect of initial surface prep- 
aration has also been investigated. 

It is shown that in the absence of 
chloride ion the potential is noble and 
steady and that the surface remains 
practically unchanged. A film of 8-fer- 


60a 


ric oxide is shown to be present by 
electron diffraction. When chloride ion 
is added to the system the potential be- 
comes unsteady and less noble. Inclu- 
sions of a second phase grow in the 
oxide layer. This is shown to_ be 
6-Fe.0;*H:O or lepidocrocite. The 
lower and unsteady potential is prob- 
ably due to the decrease in resistance 
of the anodic areas, which correspond 
to the inclusions in the oxide layer. 


16083 

3.4.8, 4.3.2, 6.2.5 
The Effect of Chromium in Nitric 
Acid Solution on the Corrosion Resist- 
ance of Types 304L and 309SCb Stain- 
less Steel. KENNETH L. SANBORN. Han- 
ford Atomic Products Operation. U. S. 
Atomic Energy Commission Pubn., 
HW-32877, August 31, 1954 (Changed 
from Official Use Only January 28, 
1957), 6 pp. Available from Office of 
Technical Services, Washington, D. C. 


The corrosive effects of Cr* and Cr* 
in nitric acid solutions of various con- 
centrations on types 304L and 309SCb 
austenitic stainless steel are presented. 


—NSA. 15420 


3.4.8, 3.4.7, 6.4.2 

Uniform Aqueous Corrosion of Alu- 
minum—Effects of Various Ions. V.. H. 
TROUTNER. Hanford Atomic Products 
Operation. U. S. Atomic Energy Comm., 
HW-50133, June 10, 1957, 52 pp. 


Most important variable in water 
quality on uniform corrosion of alumi- 
num was pH. Solutions of distilled water 
containing phosphate ions and citrate 
ions were only media which showed a 
definite specific ion effect. Phosphate 
inhibited corrosion and citrate increased 
it. Oxalate ions appeared to increase 
corrosion, but effect is not definitely 
demonstrated by data. Corrosion was 
dependent only on pH in tap water, 
reactor process water, distilled water 
and distilled water containing up to 100 
ppm of chloride, nitrate, sulfate, bicar- 
bonate, hydrogen peroxide, acetate, ar- 
senate, silicate, dichromate, molybdate 
and mixtures of these ions. Solutions of 
up to 10,000 ppm chloride in distilled 
water showed no specific ion effect 
upon uniform aluminum corrosion, Ef- 
fects of 0-10 ppm of dichromate and 
phosphate ions were investigated over 
pH range 4-7. Phosphate at 10 ppm in- 
hibited corrosion in solutions containing 
up to 2 ppm of dichromate, but at 10 
ppm dichromate the phosphate does not 
appear to inhibit corrosion. Also at 10 
ppm dichromate, effect of pH is di- 
minished over pH range 4-7. Tables.— 
INCO. 15127 


3.4.8 

Effect of Sulphur Content on Blast 
Furnace Slag and Its Corrosion Be- 
havior. (In German.) Hans’ Ernst 
SCHWIETE, Lupwic ZAGAR, PETER DiIck- 
ENS AND Paut Konic. Arch. Etsenhut- 
tenw., 28, 187-194 (1957) April. 

Corrosion tests for various conditions; 
surface treatment of fiber slag; effect 


of sulfide ion on corrosion of sheet iron. 
—MR. 15070 


3.4.8, 8.4.3, 3.5.9 

High Temperature Hydrogen Sulfide 
Corrosion in Commercial Sovaformer 
Units. Pt. 2..E. -B. Backensto, 'R. D. 
Drew and J. N. Vlachos. Corrosion 
Technology, 5, 53-56 (1958) Feb. 

Test results obtained in two com- 
mercial sovaformers show that both 
temperature and hydrogen sulfide are 
basic variables in this type of corrosion. 
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Aluminizing provides protection from 
sulfide corrosion attack. Use of 18-8 
chromium-nickel alloys is also _ sug- 
gested —MR. 15974 


3.4.8, 6.3.6, 7.6.8 

Corrosion of Distillery Equipment. 
(In German.) Dietmar Plottner. Werk- 
stoffe u Korrosion, 9, 261 -262 (1958) May 

Copper is especially sensitive to hy- 
drogen sulfide and a considerable quan- 
tity of grayish black copper sulfide 
accumulates in the receptable of a cop- 
per still—MR. 1611¢ 


3.4.9, 2.2.3 

Corrosion of Steel in Moist Air. J. T 
Crennell. J. Applied Chem., 8, Pt. 4 
270-272 (1958) April. 

Specimens of steel stored at roon 
temperature and approximately 100% 
relative humidity for periods up to 7 
years have shown a remarkable absence 
of corrosion. Observation was made in 
Portsmouth Dockyard, where industrial 
and marine conditions are combined, in 
a chemical laboratory where casual 
fumes are likely to contaminate the air, 
as the specimens were kept in vessels 
which were repeatedly opened. Photos. 
—INCO. 15632 





3.5 Physical and Mechanical 
Effects 





35:5 

Phenomenon of Cavitation. (In Ital- 
ian.) L. C. Burrity. Tecnica Italiana, 21, 
No. 2, 95-103 (1956) March. 

Physical nature, effects of localized ero- 
sion and vibrations and noises caused by 
cavitation. Some recent experiences and 
methods of avoiding cavitation. Photo- 
graphs, diagrams.—BTR. 12396 


3.5.3 

On the Erosion of Metal Surfaces by 
Ultrasonic Cavitation. (In German.) R. 
EscHe AND H. Kime. Z. Naturforsch., 
11a, 514-515 (1956) June. 13596 


3.5.3, 2.3.7, 8.9.1 

Rain Erosion: Barrier to High Speed 
Flight. N. E. Wau. Research Trends, 
Cornell Aeronaut. Lab., 4, No. 3, 5-7 
(1956) Fall. 

Erosion by water-drop impact has 
become an increasingly important research 
problem in the post-war era of high 
speed aircraft. Plastics used in noses of 
bombers and in radomes erode com- 
pletely below 400 miles per hour. De- 
scription of test equipment and tests on 
materails including stainless steel, chro- 
mium and nickel base alloys is given. 
Each type of material has a threshold 
velocity below which erosion is not ini- 
tiated even after exposure as long as 24 
hours. This critical velocity is propor- 
tionate to tensile strength and hardness 
of materials. Elastomers such as neo- 
prene have the greatest resistance to 
rain erosion of any non-metallic materi- 
als and were used as a starting point for 
successful development of an electrically 
conductive coating now universally used 
on high speed military aircraft. Photos. 
—INCO. 13732 


3.5.3, 5.3.4 

Cavitation Resistance of Electrode- 
posited Chromium. M. G. Timerbulatov 
and V. E. Khromov. Vestnik Mashino- 
stroeniya, 38, No. 2, 56-58 (1958). Trans- 
lation available from Henry Brutcher, 
Technical Translations, P. O. Box 157, 
Altadena, California. 
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performance data 
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Experiments on cavitation resistance 
of chromium plates deposited under 
various conditions. Index of cavitation 
resistance: Loss of weight of specimens 
exposed to vibration with a magneto- 
strictional vibrator in a liquid. Setup for 
plating the specimens. Lack of correla- 
tion between cavitation resistance and 
Vickers hardness of chromium plates. 
Factors involved in cavitation §resist- 
ance such as type of plate (dull vs. 
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bright); thickness, porosity, brittleness 
and residual stress state of plate; and 
hardness of basis metal. Results—cavi- 
tation resistance improved by _ chro- 
mium deposits. 6 figures—HB. 15647 


3.5.3, 8.9.1, 7.3 

Study of Damaging Effects of Cavi- 
tation Erosion to Ships’ Underwater 
Structures. J. Z. Lichtman, D. H. Kal- 
las, C. K. Chatten and E. P. Cochran, 
Jr. Paper before Am. Soc. Mechanical 
Engrs., Annual Mtg., New York, De- 
cember 1-6, 1957. ASME Paper No. 
57-A-156, 1958, 24 pp. 

Although fluid cavitation may occur 
adjacent to many underwater append- 
ages of vessels at normal operating 
speeds, there is considerable evidence 
that areas in which cavity collapse is 
the primary cause of damage are re- 
stricted to propellers. Damage to ships’ 
struts, rudders and other appendages is 
shown to be primarily corrosive in na- 
ture aggravated by mechanical scouring 
action. Neither aluminum nor plastic 
structural materials such as polyvinyl- 
chloride and polyester materials are as 
resistant to cavitation-erosion damage 
as brass, mild steel, stainless steel, man- 
ganese bronze and ballistic steel, latter 
group increasing in resistance in order 
indicated. Organic coatings have af- 
forded good anticorrosive protection to 
propeller shafts and fair protection to 
struts and rudders in service. Table 
showing cavitational erosion resistance 
of sprayed metallic coatings includes 
nickel and Monel. Photos, diagrams, 32 
references.—I NCO. 15929 
3.5.4, 6.3.21 

Proton Irradiation Effects in Tho- 
rium. CHARLES J. MEECHAN. North Amer- 
ican Aviation, Inc. U. S. Atomic Energy 
Comm. Pubn., NAA-SR-1079, Dec. 15, 
1954 (Declassified March 5, 1957), 16 
pp. Available from Office of Technical 
Services, Washington, D. C. 

lodide-processed thorium foils were 
irradiated with 9-Mev protons at tem- 
peratures below —140 C. The recovery 
of electrical resistance upon annealing 
was studied in the range 0 to 75 C where 
tempering curves showed rapid changes 
taking place. Determinations of the acti- 
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vation energy associated with this proc 
ess were made and the mean valu 
obtained was 1.22 ev. Correlations o 
this result have been made with thos: 
found previously for copper. From thes: 
comparisons, a tentative assignment o 
the motion of interstitial atoms in tho 
rium has been made for this process. I: 
addition, some evidence has been foun 
which illustrates the corrosive actior 
that water has on thorium at tempera 
tures as low as 0 C, (auth)—NSA. 
1479 


Corrosion Tests (on Aluminium anc 
Its Alloys) in the Presence of Radio 
active Emanation. K. Lintner, E. Nachti 
gall and E. Schmid. Metall, 11, No. 1 
31-35 (1957) Jan. 

The presence of radioactivity in 
creases the corrosion rate of 99.5% alu 
minum, wrought aluminum-manganese 
aluminum-3% magnesium, aluminum 
copper-magnesium, aluminum -magnesium 
silicon, aluminum-zinc-magnesium and 
cast-aluminum-12% silicon alloys, in 
air, water, water vapor and 3% sodium 
chloride solution; in addition, it reduces 
the mechanical strength of many of the 
materials. The effect may be due to one 
or more of the following causes: (1) 
radioactivity promoting hydrogen per- 
oxide formation and thereby accelerat- 
ing corrosion; (2) a@ particles penetrat- 
ing the oxide skin, thus rendering it 
porous to the corrosive medium; and 
(3) @ particles impinging on the metal 
and producing local hot spots leading to 
the formation of local cells—MA. 15831 


3.5.4, 3.8.4, 6.4.2 

Photo Effects with Anodic Oxide 
Layers on Tantalum and Aluminum. 
W. Ch. van Geel, C. A. Pistorius and 
P, Winkel, Philips Research Rept., 13, 
No. 3, 265-276 (1958) June. 

Deals with photoelectric properties of 
the system aluminum/aluminum oxide/ 
electrolyte during irradiation with ultra- 
violet light. The electrolyte has also 
been replaced by a transparent layer of 
a metal or a semi-conductor. When the 
system is short-circuited, a photocurrent 
(io) is produced which is proportional 
to the intensity of irradiation. With a 
high external resistance a photo emf 
(V) appears which shows considerable 
inertia as a function of the time t and 
which can be written as V = Vmmex 
(1—e™“*). It appears that k is propor- 
tional to the intensity of irradiation. 
The value of k decreases with increas- 
ing thickness (d) of the layer. After 
correcting for this change of k, which 
is probably due to absorption, it is 
found that iod =a constant. An attempt 
is made to explain the observed phe- 
nomena by assuming that the work 
function aluminum(aluminum oxide is 
smaller than the work function electro- 
lytes/aluminum oxide.—ALL. 16103 


3.5.4, 8.4.5 

Feasibility Study of a Dynamic Pres- 
surized Water Irradiation Facility in a 
Vertical Hydraulic Rabbit Facility at 
the Materials Testing Reactor. WALTER 
ScHwartz. Westinghouse Electric Corp. 
U. S. Atomic Energy Commission 
Pubn., WAPD-PWR-CP-1866, Feb. 29, 
1956 (Declassified March 21, 1957), 13 
pp. Available from Office of Technical 
Services, Washington, D. C. 

This facility was evaluated for its 
utilization to study the combined effects 
of irradiation and corrosion on defec- 
tively clad fuel elements. The design is 
such that these effects may be studied 
during steady-state irradiation and sim- 


ulated power cycling.NSA. 15076 
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3.5.4, 3.7.3, 6.2.2, 6.2.5, 6.3.1 


Radiation Effects on Welds and 
Notches in Plain Carbon Steels, Stain- 
less Steels, and Non-Ferrous Alloys. 
D. O. LeEEsErR. Paper before Am. Soc. 
Testing Materials 2nd Pacific Area 
Nat’l Mtg., Los Angeles, Sept. 20, 1956. 
ASTM Special Technical Pubn. No. 208, 
Symposium on Radiation Effects on 
Materials, 1, 154-161 (1957) July. 

Materials tested included stainless 
sieels, nickel, Monels, Inconel, Hastel- 
luy, Stainless W, 17-4 PH, Stellites and 
zrconium. Austenitic stainless steels, 
13-8 types and certain non-ferrous al- 
| ys offer advantage of higher initial 
cuctility and lack of entirely brittle 
f.ilures. Irradiation effects can be ex- 
pected to be less severe on stainless steel 
r-actor vessels operating at relatively 
Ligher temperatures than carbon steel 
vessels operating at lower temperatures. 
Criteria for evaluation include stress, 
strain, strain rate, irradiation dosage 
and time and temperature in service. 

mbrittlement under irradiation may 
cccur in carbon steels unless a_ suffi- 
cently high protective temperature is 
used. Austenitic stainless steels are not 
seriously embrittled by irradiation since 
vonductile-to-brittle transition tempera- 
ture is encountered. All fracture sur- 
faces appeared ductile even after irradi- 
ation irrespective of testing method or 
of irradiation temperature. Photographs, 


tables.—INCO. 15051 


3.5.4, 6.3.17 

Effects of Irradiation on Corrosion 
Resistance of Some High Uranium AI- 
loys. S. GREENBERG AND J. E. DRALEy. 
\rgonne National Lab. Nuclear Science 
y Eng., 3, No. 1, 19-28 (1958) Jan. 
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Three corrosion resistant uranium 
base alloys corrosion-tested in high 
temperature water were: Uranium-5 zir- 
conium-1.5 niobium, uranium-3 niobium- 
0.5 tin and uranium-3.8 silicon. High 
temperature corrosion resistance of me- 


tastable alpha alloys was destroyed 
when irradiated to burnup exceeding 
0.1 at .%; this confirms earlier data. 


Uranium-3.8 silicon alloy retains cor- 
rosion resistance after irradiation to 
much greater degree than do metast- 
able alpha alloys. Proper heat treat- 
ment of assembly consisting of uranium- 
2 zirconium core and Zircaloy-2 clad- 
ding produces structure which remains 
corrosion resistant in presence of small 
defects. Corrosion resistance of diffu- 
sion bond between uranium-2 zirconium 
and Zircaloy-2 was not adversely af- 
fected by irradiation to low burnup 
(0.1 at .%). Corrosion rates are given 
in mg/cm?/day. Tables—INCO. 

15169 


3.5.4, 8.4.5, 3.7.3 

Radiation Effects in Pressure Vessel 
Materials and Welds. J. C. Witson. Oak 
Ridge National Lab. Paper Presented 
at Meeting of AEC Welding Committee 
on October 28, 1954 at Cincinnati, Ohio. 
U. S. Atomic Energy Commission 
Pubn., CF-54-10-102 (Del.), Nov. 15, 
1954 (Declassified March 12, 1957), 23 
pp. Available from Office of Technical 
Services, Washington, D. C. 

Radiation-induced changes in the 
physical and mechanical properties of 
reactor structural metals are discussed. 
Emphasis is placed on pressure vesel 
material and welds. A theory is pre- 
sented to explain some of the observed 
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property changes. Data are included 
from studies on the effects of irradia- 
tion on aluminum alloys, carbon steel, 
nickel alloys, stainless steel and carbon 
steel welds —NSA. 15148 


3.5.4, 8.4.5, 3.4.3, 6.2.5 

Review of the Corrosion Product 
Radioactivity Program at the Army 
Package Power Reactor. A. L. Medin. 
Alco Products. U. S. Atomic Energy 
Commission Pubn., APAE-31, April 25, 
1958, 19 pp. Available from Office of 
Technical Services, Washington, D. C. 

An analysis and a summary are given 
of the radioactivity buildup program at 
the Army Package Power Reactor. Due 
to the wide fluctuation of water and 
crud results, only general interpreta- 
tions can be made with this data. Metal 
test coupon data indicate a substantially 
greater buildup on Croloy 16-1 metal 
than on Type 304 stainless steel. Cou- 
pled with the decreased ability to re- 
move the radioactivity buildup on Croloy 
16-1 by conventional descaling tech- 
niques, the implication is that this metal 
might pose a serious problem for usé as 
steam generator material. It was em- 
phasized, however, that results to date 
are only preliminary and extensive addi- 
tional experimentation would be required 
to reach more definite conclusion. (auth.) 


—NSA. 16011 


3.5.4, 8.4.5 
Some Radiation Chemistry Aspects of 
the Corrosion of Metals on Irradiation. 


W. L. Primak and L.. H. Fuchs. Ar- 
gonne National Lab. U. S. Atomic 


Pubn., ANL-4763 
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(Del), April 21, 1952 (Declassified with 
Deletions March 14, 1957), 23 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

Certain metals and alloys (e.g., nickel, 
cobalt, lead, aluminum, inconel) which 
are subject to nitric acid corrosion were 
found to form nitrates and basic nitrates 
when irradiated in moist air in reactors. 
Lead was found to form oxides when 
irradiated in moist oxygen or in water 
vapor. Some of the corrosion products 
appear as deposits in unexpected por- 
tions of the irradiation containers. The 
salts formed on the metals may lead to 
an unexpected spread of radioactivity. 
The corrosion may proceed to the point 
of producing serious damage to samples 
and parts in a nuclear reactor. The rate 
of nitrogen fixation was obtained in two 
reactors, CP-3 and X-10, and the yields 
calculated seem reasonable for the re- 
spective conditions of irradiation, con- 
trary to some previous results reported. 
All the data concerning CP-3 refer to 
the former loading with natural uranium 
rods and to the thimble arrangement at 
that time. Some speculations on the 
genesis of some of the deposits found 
in irradiation cans are given. (auth.)— 


15913 


$5.5,322 

Reaction of Hydrogen with Perox- 
idized Zircaloy-2 at 300 to 400C. Earl A. 
Gulbransen and Kenneth F. Andrew. 
Westinghouse Electric Corp. J. Electro- 
— Soc, 104, No. 12, 709-712 (1957) 
dec. 

The permeability of preformed oxide 
films to hydrogen at 300 to 400 C was 
studied. Two types of reactions were 
observed. If the oxide film was perme- 
ible, a general reaction occurred with 
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the formation of zirconium hydride 
phases on the surface. If the oxide film 
was relatively. impermeable, reaction oc- 
curred at the edges of the sample where 
defects probably exist in the oxide. The 
reaction starts at localized areas and 
spreads through the metal with hydride 
and oxide film spalling from the metal 
continually. (auth.)—NSA. 15851 


3.5.8, 7.10 

Fatigue Strength of Bolts Reduced by 
Longitudinal Flaws. J. VicLIoNE. Nava! 
Air Experimental Station. Product Eng., 
28, No. 3, 203-205 (1957) March. 

To determine exact influence of longi- 
tudinal flaws in reducing service life of 
bolts, fatigue tests were made on nickel- 
chromium-molybdenum steel (8630, 8375 
and 8740) bolts in which longitudinal 
flaws had been detected by circular mag- 
netization in magnetic particle inspec- 
tion. All fatigue failures were in threads 
and related to flaws. Photomicrographs. 
—INCO. 13845 


3.5.8, 7.6.4, 4.6.2 

Caustic Cracking: Its Occurrence in 
Steam Boilers. D. D. Jones. Paper before 
Soc. Chem. Ind., Corrosion Group, 1956. 
Corrosion Technology, 4, No. 2, 56-59 
(1957) Feb. 

Caustic cracking occurs in steam 
boilers at 150-300 psi. Sodium hydroxide, 
added to feed water for scale prevention, 
becomes concentrated in seams, rivet 
crannies and other fissures until concentra- 
tion high enough to produce corrosion is 
reached. Where steel is in state of ten- 
sion attack is intergranular. Cracks may 
run from one rivet hole to another. 
Causal theories and probable mechanism 
of caustic cracking are considered. In ex- 
periments at National Physical Labora- 
tory, no cracks formed in boiler speci- 
mens under tension for 5 years in absence 
of corrosive attack; no intergranular at- 
tack was suffered by steel stretched be- 
yond yield point in sodium hydroxide at 
225 C but early breakage occurred; while 
at temperatures up to 470 C and under 
pressure, intergranular attack accom- 
panied by decarburization occurred. At 
410 C intergranular cracking only. oc- 
curred in cold-worked steel. Black oxide 
on metal at relatively low temperatures 
was ferric oxide, but magnetite appeared 
at higher temperatures. Magnetite acts 
as cathode in concentration cell. Hydro- 
gen type of attack seems to produce 
cracking only in cold-worked steel 
whereas oxide type is dangerous even 
with annealed material. Prevention of 
caustic cracking by various methods is 
considered and effect of steel quality is 
discussed.—INCO. 13907 


3.5.8 

A Theory of the Origin of Fatigue 
Cracks. N. F. Mott. Acta Metallurgica, 
6, No. 3, 195-197 (1958) March. 

A model based on the concept of 
cross slip is given to explain how a slip 
band can develop into a crack if dislo- 
cations in the band are free to move 
backwards and forwards —ALL. 15592 


3.5.8, 3.5.9, 3.7.3 

Thermal Stress Problems in Practice. 
R. U. Blaser. Paper before Soc. Exptl. 
Stress Anal., Spring Mtg. Panel on 
Thermal Stresses, Pittsburgh, May, 
1956. Proc. Soc. Exptl. Stress Anal., 15, 
No. 2, 131-142 (1958). 

Thermal stresses can occur from tem- 
perature differences within piece of ma- 
terial, from parts of assembled structure 
at different temperatures, or from com- 
binations of materials having different 
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thermal expansion characteristics. Ex- 
amples of thermal stress problems aric- 
ing in actual practice are discussed; 
problems are largely chosen from equip- 
ment in field of heat transfer and other 
high temperature applications. Welding, 
heat transfer and quenching stresses, 
dissimilar metal welds, related phenom- 
enon of stress corrosion, and effects cf 
thermal stresses on mechanical joints 
are topics covered.—INCO. 1612? 


3.5.8, 5.9.3, 6.2.3 

Stress Corrosion of Mild Steel. Pt. II: 
The Effect of Shotblasting on the Cor- 
rosion-Fatigue of Mild Steel. (In Jap 
anese.) Y. Minami. K. INamr aAnp N. 
Oxano. Trans. Shipbuilding Assoc., Japan, 
No. 102, 133-138 (1957). 

Fatigue properties of as-rolled ani 
shot-blasted mild steel plates were in 
vestigated in air, in sea water and under 
impressed current cathodic protection 
By shotblasting, the fatigue limit in air 
rises about 20% over that of as-rolled 
plate. The reasons why the S-log N 
diagrams of two surface conditions are 
close to each other in the corrosion 
fatigue test and the fatigue limits under 
cathodic protection are lower than those 
in air were considered.—JSPS. 15373 


3.5.9, 3.8.4, 6.2.1 F 

High Temperature Oxidation of Iron- 
Nickel Alloys. Metallurgy Report No. 
12. M. J. Brapers AND C. E. BrrcHENALL. 
Forrestal Research Center, Princeton 
Univ. U. S. Air Force Office of Scien- 
tific Research, Tech. Note 57-150, March 
25, 1957, 23 pp. : 

The iron-rich corner of the phase dia- 
gram for iron-nickel-oxygen was deter- 
mined at 1050 C. Great care was taken to 
assure equilibration which was not com- 
pletely achieved in an earlier study. The 
mechanism of oxidation of iron-nickel al- 
loys is discussed and a protective mech- 
anism is described which differs some- 
what from those suggested for other al- 
loys. (auth)—NSA. 14226 


3.5.9, 4.3.3, 3.4.3 

High Temperature Corrosion of 
Metals by Vanadium Pentoxide. II. Be- 
havior of Some Metals (Iron, Cobalt, 
Nickel, Chromium) and of Their Alloys. 
(In Italian.) A. BurpEsE AND C. Bris. 
Metallurgia Italiana, 48, No. 8, 349-357 
(1956) August. 

Identification of the corrosion prod- 
ucts formed on iron, cobalt, nickel, chro- 
mium and their alloys in the presence of 
vanadium pentoxide.—BNF. 13980 


3:5.9,62.3 

High Temperature Oxidation of Iron- 
Nickel Alloys. M. J. Brapers AND C, E 
BIRCHENALL. Princeton Univ. Metallurgy 
Rept. No. 12, March 25, 1957, 22 pp.; Air 
Force Office of Scientific Research, Tech. 
Note 57-150. 

Determination of iron rich corner of 
phase diagram for iron-nickel-oxygen at 
1050 C. Mechanism of oxidation of iron- 
nickel alloys is discussed and a protective 
mechanism is described which differs 
somewhat from those suggested for other 
alloys. Photomicrographs, tables, graphs, 
18 references—INCO. 14056 


3.5.9, 6.3.10 

Oxidation of Nickel-Chromium Alloys 
at High Temperatures. (In French.) J. 
Moreau. Corrosion et Anticorrosion, 4, 
No. 211-16 (1956) June. 

Scaling of nickel-chromium alloys (4.6, 
11.3 and 19.8% chromium) and pure 
nickel in air at atmospheric pressure and 
900-1300 C was studied. Investigation of 
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the structure of the alloys and surface 
films by X-ray diffraction and micro- 
scopy.— BNF. 13682 


3.5.9, 6.1 

Some New Materials for Missile and 
Power-Plant Applications. A. V. Levy. 
Aircraft Eng., 28, No. 332, 357-361 (1956) 
Oct. 

Mechanical properties and fabrication 
characteristics are considered for four 
materials developed for elevated tempera- 
ture operation: reinforced plastics, ti- 
taninm alloys (titanium-5 aluminum-2.5 
tia, titanium-6 aluminum-4 vanadium), 

lybdenum alloy (molybednum-0.5 ti- 
auium) and magnesium alloy (mag- 
sium-3 thorium-0.75 zirconium), The 
st is dealt with most fully (material 
ality, corrosion protection, ramjet en- 
ne application, working sheet metal, 
sIding and heat treating). Refractory 
soatings also mentioned—BNF. 13635 
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3.5.9 

Heat-Resisting Materials. W. Norpen 
,vp G. R. Barrow. Paper to Intern. Congr. 
on: Materials for Aircraft Guided Missiles, 
1955. Metaux: Corrosion-Industries, 31, 
4°8-499 (1956 Dec. 

Review of compositions and properties 
(including creep) of standard heat-resist- 
ing alloys, with particular reference to 
vacuum-melted Hastelloy R-235.—INCO. 

13676 
3.5.9, 6.2.5 

High Temperature Oxidation Charac- 
teristics of Some Manganese Steels. 
Part II. Vep PRAKASH AND A. A. KriIsH- 
wan. J. Sci. Ind. Research, 15B, 600-607 
(1956) October. 

Metallography of the oxides formed at 
600 and 700 C, effect of temperature on 
oxidation of manganese-aluminum steel, 
influence of composition. 10 references.— 
MR. 13662 























3.5.9, 8.9.5, 2.3.7 

Low-Temperature Brittleness. C. S. 
BarreETT. 1956 Edward De Mille Campbell 
Memorial Lecture before Am. Soc. Met- 
als, Cleveland, October 10, 1956. Metal 
Progress, 70, No. 6, 68-72 (1956) Dec. 

Reviews scientific investigations of 
metallurgical behavior at low tempera- 
ture which have shown the interrelation 
between brittle fracture of ship plate and 
many of the properties determined by 
‘rystal imperfections. Even with perfect 
welds and good design to eliminate stress 
-oncentrators, it was shown that notches 
ould not be avoided throughout life of 
ship. This indicated need for material that 
is tough in presence of notches under serv- 
ice conditions. Use of 15-ft-lb. V-notch 
Charpy transition temperature to evalu- 
ate ductile-brittle behavior is discussed. 
Recent statistical analysis of transition 
temperatures in World War II and post- 
war ship plates indicates that service fail- 
ire should be eliminated by use of steel 
with mean V-notch Charpy 15-ft-Ib. 
transition temperature of 10 F or lower. 
Metallurgical variables which produce 
lower transition temperature are sum- 
marized, Application of low temperature 
testing is considered. Sa 


3.7 Metallurgical Effects 


3.7.2, 6.4.2 

Development of a Corrosion Resistant 
Magnesium Alloy. Part I. Development 
of Magnesium Alloys for Better Corro- 
sion Resistance, M. Batricxr, D. D’AN- 
ronto AND A, Kravic. Polytechnic Institute 
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of Brooklyn. Wright Air Development 
Center, U. S. Air Force. August, 1957, 38 
pp. Available from Orfice of Technical 
Services, U. S. Department of Commerce, 
Washington 25, D. C. (Order PB 131443). 

A feasibility study was made of a 
novel scheme to improve corrosion re- 
sistance of magnesium by alloying with 
elements with lower surface tensions. 
These were expected to migrate to the 
surface and alter the corrosion behavior 
of the base metal. A number of elements 
having lower surface tension were added 
to magnesium to form very pure, dilute, 
binary alloys. Preliminary results indi- 
cated that alloys containing antimony, 
germanium, indium, tin and cadmium 
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improve corrosion resistance. In salt 
spray tests, these alloys compared fa- 
vorably with pure magnesium.—OTS. 


15185 


3.7.2, 6.4.2 

Influence of Silicon Contained in Ex- 
cess of the Ratio of Magnesium Silicide 
in Aluminum-Magnesium-Silicon Alloys. 
Hajime YAMADA. Light Metals (Japan), 
No. 25, 45-50 (1957) July. 

The effect of excessive silicon in the alu- 
minum -magnesium - silicon alloys, con- 
taining more silicon than the ratio of 
magnesium silicide, on age-hardening, 
mechanical properties, corrosion and 
stress-corrosion resistance was studied 
and the following results were obtained. 
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(1) The excessive silicon raised the 
hardenability of ageing of the alloy and 
reduced the ageing time. (2) Silicon con- 
tained in aluminum-magnesium-silicon 
alloy-T. in the ratio greater than mag- 
nesium silicide had an effect on tensile 
strength of the alloy. It was remarkable 
for the alloy containing 0.65% magne- 
sium silicide solution heat treated at 
520 C. The tensile strength decreased 
with an increase in the amount of mag- 
nesium silicide. Elongation was un- 
changed except a slight decrease for 
alloys containing excessive silicon up to 
0.2%. When solution heat treated at 
560 C, the alloys containing 1.0% mag- 
nesium silicide showed remarkable in- 
crease in tensile strength and the excessive 
silicon, over 0.5%, had the same effect 
for the alloys containing 0.65% magne- 
sium silicide. Elongation decreased with 
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an increase of excessive silicon. (3) Sili- 
con in O-alloy in the greater ratio than 
magnesium silicide in O-alloy increased 
tensile strength and elongation. Increase 
of elongation of the alloy containing 
0.65% magnesium silicide was striking. 
The maximum elongation was observed 
at 0.6% of excessive silicon and elonga- 
tion decreased with an increase of ex- 
cessive silicon more than 0.6%. (4) Elec- 
tric resistance was increased slightly by 
the excess silicon. The change was not 
so remarkable when the excessive sili- 
con was up to 0.2% for the alloys of 
0.65% and 1.0% magnesium silicide. (5) 
Corrosion resistance decreased with an 
increase of excessive silicon. (6) Suscep- 
tibility to stress corrosion increased with 
an increase of excessive silicon but it is 
not so remarkable as the effect by the 
amount of magnesium silicide. The effect 
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Ideco’s portable H-40 Dua! Rambler drilling rigs are credited with reducing 
the well completion time for Y.P.F. Argentina from 45 days to an average of 
15 days. Yes, these dual trailer units really save time, and they withstand years 
of rugged field service. One example of the special features which assure 
long-life service from Ideco rigs is protection from corrosion. 


The ten H-40’s shipped from the U.S.A. to Y.P.F. were given the best corro- 
sion prevention treatment available. Each unit was completely zinc coated, by 
hot-dip galvanizing or metallizing, at the Nowery J. Smith Co. Large struc- 
tural parts not suitable for hot-dip galvanizing, because of size or dimensional 
stability requirements, were protected with special metal spray treatments by 
competent craftsmen. This extra protection means that Y.P.F. will get better 
than good service from its Ideco rigs for many years without fear of break- 


down due to corrosion. 


If corrosion is a factor in the work-life of your equipment, think Nowery J. 
Smith Co. Think Nowery J. Smith Co. for Hot-Dip Galvanizing * Metallizing 
* Pickling * Sand Blasting * Painting * Plastic Applications. 


LARGEST HOT-DIP GALVANIZERS IN THE SOUTHWEST 


NOWERY J. SMITH CO. 


8000 Hempstead Highway « P. 0. Box 7398 © Houston 8, Texas « UNderwood 9-1425 


One of the Smith Industries - 
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of excessive silicon would be remarkable 
for such alloy containing small amouit 
of magnesium silicide as A 51S. The 
amount of silicon should be decided hy 
the amount of magnesium in the alloy, 
Generally speaking, at least 0.2% mo-e 
silicon than the ratio of magnesium si j- 
cide is recommendable for such low 
magnesium alloy as aluminum-magne- 
sium (0.45 ~ 0.6%)-silicon alloy. (auth.) 
—ALL. 15151 


3.7.2, 4.3.2, 6.3.17 

Effects of Carbon Content on the 
Rate of Dissolution of Dingot Uranium 
in Nitric Acid. A. L. Bement and J. 
Swanson. Hanford Atomic Producis 
Operation. U. S. Atomic Energy Coni- 
mission Pubn., HW-52430, November 
11, 1957, 20 pp. Available from Office 
os Technical Services, Washington 235, 

EG. 

Carbon additions made to dingot ura- 
nium by vacuum casting with a higli- 
frequency electronic heater varied from 
150 to 1500 ppm. The specimens were 
beta heat treated, then dissolved in 
nitric acid. Dissolution rates were de- 
termined for the linear, initial portion 
of the weight-loss-versus-time curves. 
The rates so obtained were compared 
with those for samples of ingot, and 
normal and high-carbon dingot ura- 
nium. The effect of grain size on the 
dissolution rate can be expressed as a 
power function —MR. 16143 


See 

The Influence of Surface Roughness 
on the Fatigue Strength of Steels and 
Non-Ferrous Alloys, E. SiEBEL AND M. 
Gater. Z. Ver. deut. Ing., 98, No. 30, 
1715-1723 (1956) October 21. Summary: 
Engrs’ Digest, 18, No. 3, 109-112 (1957) 
March. 

From series of steels (including 18 
chromium-9.5 nickel stainless) and non- 
ferrous alloys (brass, aluminum-magne- 
sium, aluminum-copper and magnesium) 
in specified heat-treated condition, 
fatigue-test specimens were machined to 
specified roughness and were tested in 
push-pull, bending, tension and torsion. 
Design formulae for various machining 
processes are established from test re- 
sults. Limiting surface finish exists be- 
yond which fatigue strength does not 
improve. Surface hardening treatment 
(nitriding) after machining tends to elim- 
inate influence of surface roughness on 
fatigue strength.—INCO. 14097 


3:73, 6.3.15 

The Determination of the Effect of 
Heat Treatment on the Elevated Tem- 
perature Stress-Stability of Titanium 
Alloys. G. A. Lenning, M. L. Greenlee, 
W. M. Parris and H. D. Kessler. Tita- 
nium Metals Corporation of America for 
Wright Air Development Center, U. S. 
Air Force, Feb., 1958, 87 pp. Available 
from Office of Technical Services, U. S. 
Dept. of Commerce, Washington 25, 
D. C. (Order PB 131724). 

Many commercial titanium alloys can 
be heat-treated to high strength and 
thus offer promise of meeting the in- 
creasing temperature and thermal re- 
quirements of advanced aircraft. This 
study was undertaken to determine the 
effects of heat treatment on the stress 
stability or notch stability of three 
titanium alloys representative of the 
alpha-beta type. They were Titanium- 
140A (titanium-2 iron-2 chromium-2 
molybdenum), Titanium-155A (titanium- 
5 aluminum-1.5 iron-1.5 chromium-1.5 
molybdenum), and titanium-6 alumi- 
num-4 vanadium. Duplex solution and 
age-type heat treatments were shown to 
provide improvement in strength and 
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creep resistance of the alloys without 
loss of either stress stability or notch 
ductility. No significant differences be- 
tween long time-low temperature versus 
short time-high temperature aging 
treatments were observed. The bene- 
ficial effect of heat treatment on creep 
resistance was found to decrease mark- 
e ly at higher exposure temperatures, 
but was significant for conditions which 
would include maximum useful temp. of 
alioys.—OTS. 


3.7.3, 3.8.4 

The Influence of Surface Films on the 
Pressure Welding of Metals. R. F. 
| ylecote, D. Howd and J. E. Furmidge. 
| rit. Welding J., 5, No. 1, 21-38 (1958). 

The influence of the ratio of the hard- 
ress of the oxide film to that of the 
: etal on the response to pressure weld- 
i g was studied. The deformation re- 
ciired to give an effective weld was 
cetermined for a wide range of metals 
aad the effect of rate of loading was 
iivestigated. The rate of oxidation of 
scratch-brushed surfaces of indium, alu- 
minum, zinc, cadmium, copper, tin and 
l-ad was determined at room tempera- 
tire by means of a semi-microchemical 
balance and autographic recording. The 
significant factor in pressure welding is 
tue hardness of the metal just before 
welding. Thus the hardness ratio is a 
cood indication of weldability for metals 
which work-harden only slightly and 
have thick (>50A.) oxide films. In the 
alloys which work-harden readily, elas- 
tic recovery assumes greater impor- 
tance and there is less plastic yielding, 
so that the film is not broken up so 
easily. Suppression of work-hardening 
by high strain rates was not successful, 
but suitable alloying resulted in an im- 
provement of weldability. Very thin 
ilms are not a serious hindrance to 
welding, eg. on lead, cadmium and 
mercury at —93 C. Grease on scratch- 
brushed tin surfaces inhibits welding. 
\luminum oxide at the interface re- 
duces weld strength—MA. 15651 


3.7.3; 312.2 

Hydrogen Contents of Mild and Alloy 
Steel Weld Deposits with Some Refer- 
ence to the Effects of Hydrogen Em- 
brittlement in Welded Joints, P. D. 
BLAKE. Brit. Welding J., 4, No. 3, 146- 
154 (1957) March. 

Data on hydrogen content of welds 
laid down by various classes of mild 
steel electrodes (cellulose, titania, oxide/ 
silicate iron-manganese, lime-fluoride) to 
B.S. 1719 and other types of alloy elec- 
trodes (18-8, 25 chromium steel, 79 
chromium-21 nickel). Data are also given 
on effect, on hydrogen content of deposit, 
of drying electrodes immediately prior to 
welding. Results show that evolution of 
hydrogen from weld metal at progres- 
sively higher temperatures is of non-con- 
tinuous type. Hydrogen embrittlement is 
discussed; theory is put forth that four 
different mechanisms can apply, accord- 
ing to conditions under which cracking 
occurs, Tables.—INCO. 14113 


3.7.3, 4.3.2, 6.2.5, 3.5.8 

Trans-Crystalline Corrosion in Sul- 
furic Acid of Stable Austenitic Acid- 
Resistant Steels and Welding Joints in 
a State of Compressive Deformation. 
(In Russian.) AVTOMATICHESKAYA 
SvARKA (Automatic Welding), 10, 46-50 
(1957) Jan.-Feb. 

Describes a thermal treatment method 
as a preventive measure against corro- 
sion —BTR. 1421 
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A CHEMISEAL FLUOROCARBON LINING CASE HISTORY 





Hydrochloric, 
Hydrofluoric, 
Nitric Acids 


A CuHemMIsEAL FLUOROCARBON 

PLASTIC LINING is used on this Chemiseal Fluorocarbon Linings are 
truck owned by Wyman-Gordon of chemically-inert, tough, and withstand 
Worcester, Massachusetts to assure heat and cold (—320° F. to +250°F.). 
safe, economical haulage of waste 

acids. Since April, 1957 the truck has been in continuous service 
carrying 80% hydrochloric, 13% hydrofluoric, and 7% nitric acid 
between the company’s two Closed Die Forging plants and the dis- 
posal area. And the lining is still in perfect condition. 

You can make your present plant equipment impervious to acids by 
applying CHEMISEAL Fluorocarbon Plastic Linings. They can be 
cemented over most contours and to most materials—metal, wood, 
concrete, etc. And, to make protection complete, seams are heat fused 
into a continuous, chemically-inert surface. 

CHEMISEAL Fluorocarbon Plastic Linings are available through 
certified applicators, equipped with factory-trained personnel and 
specialized equipment. Call the applicator nearest you for more 
information: 

THE BARBER-WEBB COMPANY, INC., LOS ANGELES, CAL. 
BELKE MFG. CO., INC., CHICAGO, ILLINOIS 

BUCKLEY IRON WORKS, DORCHESTER, MASS. 
ELECTRO-CHEMICAL ENGRG. & MFG. CO., EMMAUS, PA. 
LINCO, INC., HOUSTON, TEXAS 

METALWELD, INC., PHILADELPHIA, PA. 


Or write for Bulletin AD-152. Special Products Dept., United States 
Gasket Company, Camden 1, New Jersey. 


U nited 
S tates 


Gasket Plate Duision of 
GARLOC KH 
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3.7.3, 6.2.5, 7.2 

Austenitic Welds in Type 502 Steel 
Piping. H. G. Grertincs anp W. P. 
Kerkuor. Lastechnick (Hague), 22, 176- 
181 (1956) Nov. Abstract: Welding J., 
36, No. 3, 119s (1957) March. 

Discusses hard heat-affected zone, dif- 
ference in coefficient of expansion be- 
tween weld and pipe, change in structure 
of weld in service and tendency of weld 
metal to crack, as difficulties encountered 
in welding Type 502 piping with 25-20 
chromium-nickel electrodes. Cases where 
cracking was due to sigma formation are 
considered. Austenitic welded Type 502 
piping can be used at service tempera- 
tures up to 950 F, according to chart of 
permissible stresses for various temper- 
atures.—INCO. 13989 


3.7.3, 8.9.5, 6.4.2 

How the Welding of Aluminium AI- 
loys Has Influenced Their Use in Ship- 
building. H. E. Jaeger. Rev. Soudure, 
13, No. 3, 151-162 (1957). 

Shipbuilding applications are listed 
for aluminum alloys. Requirements are 
compared with those for aircraft con- 
struction, and approximate compositions 
are tabulated. Good corrosion-resistance 
is generally accompanied by satisfactory 
weldability. Effects of some alloying 
elements on corrosion-resistance are 
noted, the aluminum-magnesium group 
containing up to 4.7 percent magnesium 
resisting both sea-water and inter-crys- 
talline attack. Riveting is considered 
inferior to welding for light-alloy marine 
work, as cold-riveting sets up shear 
stresses and hot riveting is difficult on 
account of the high thermal conductivity 
and low shrinkage of the materials. The 
mechanical properties of multi-run Ar- 
gonarc-welded joints in Peraluman are 
compared with those of the unwelded 
material. The mechanical basis of light- 
alloy design is reviewed. Composite de- 
sign (steel hull and light-alloy super- 
structure) gives the best stress distri- 
bution, Proposed thicknesses, moments 
of inertia and section moduli of various 
light-alloy structural members, as com- 
pared with corresponding parts in steel, 
are summarized.—MA. 15817 


3.7.4, 3.8.4, 6.3.13 

Metallographic Manifestations of the 
Air Oxidation of Tantalum at 750 C. 
Robert Bakish. J. Electrochem. Soc., 
105, No. 2, 71-74 (1958). 

Some crystallographic and structural 
factors influencing the air oxidation of 
tantalum are presented. It is suggested 
that preferential oxidation along (100) 
planes in <100> direction occurs. Lat- 
tice imperfections appear to act as sites 
for nucleation of the metal-oxide reac- 
tion. 12 references.—MA. 15942 


3.7.4, 6.4.2, 4.3.2 

Study of Intercrystalline Corrosion 
by Means of Hydrochloric Acid in 
High-Purity Aluminum and in Alumi- 
num Purified by the Zone Melting 
Technique. (In French.) F. Montariol. 
Corrosion et Anticorrosion, 6, No. 3, 
101-106 (1958) March. 

Effect of metal purity on the prefer- 
ential corrosion of the grain boundaries 
of very pure aluminum in hydrochloric 
acid. Corrosion is slower with very pure 
metal. Certain additions to the reagent 
accelerate the process.—BTR. 15706 


3.7.4, 2.3.6, 6.4.2 

The Spiral Patterns Observed on the 
Surfaces of Aluminum Crystals. Seiichi 
Karashima. Mem. Inst. Sci. and Ind. 
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Reseach, Osaka Univ., 14, 79-90 (1957); 
Chem. Absts., 52, No. 3, 1883 (1958) 
Feb. 10. 

High-purity aluminum (99,991%) 
single-crystal plates 80 mm long, 13 mm 
wide and 1.5 mm thick, are made by the 
strain-annealing method. These samples 
are then extended approximately 8% 
and polished electrolytically to approxi- 
mately 0.5 mm in thickness. Under mi- 
croscopic examination, to investigate in- 
homogeneities of deformations by the 
shapes of the etch pits, many interesting 
spiral patterns are observed on the sur- 
face. In order to determine their origin, 
the specimens of the same purity alu- 
minum single crystals or consisting of 
several coarse grains are electropolished 
under various current densities. Thus 
similar spiral patterns are obtained on 
aluminum crystal surfaces during elec- 
trolytic polishing at high current den- 
sity. It is concluded that these figures 
represent growth patterns of aluminum 
oxide deposited on the surface. These 
patterns are observed microscopically 
because of their grooved structures 
formed by selective etching action. This 
observation is made clear by electron 
micrographs and etching experiments of 
the specimens with these figures on the 
surface. These patterns are illustrated. 
—ALL. 15901 


3.7.4, 6.3.19 

The Formation of Polycrystalline Lat- 
tice Planes (in Zinc). Barbara Borges 
and Will Kleber. Z. Metallkunde, 48, 
No. 10, 557-558 (1957). 

When 99.995% zinc single crystals 
were produced by the Bridgman tech- 
nique, small droplets formed in a spher- 
ical appendix of the tube. After solidi- 
fication these droplets were found to 
consist of polycrystalline aggregates 
bounded by well-developed basal (0001) 
planes, which did not tarnish during a 
week’s exposure to the atmosphere.— 
MA, 16134 
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3.8.2, 6.3.11, 3.6.5 

Electrochemical Behavior of Plati- 
num. Equilibrium Diagram Voltage 
Versus pH of the System Platinum- 
Water at 25 C. (In French.) J. Van 
Muylder, N. de Zoubov, and M. Pour- 
baix. Centre Belge d’Etude de la Corro- 
sion, Rapport Technique No. 63, 11 pp., 
March, 1958. 

Platinum and different platinum com- 
pounds in the solid or dissolved state 
were studied. Free enthalpies. Stability 
and corrosion of platinum formation of 
oxides and hydroxides of platinum. 2 
plates —BTR. 16096 


3.8.3, 6.4.2 

Studies of the Anodic Behavior of 
Aluminum. Pt. II. Coulometry of Bar- 
rier Layer Production. Robert C. Plumb. 
Cambridge University, England. J. 
Electrochem. Soc., 105, 498-502 (1958). 

In arder to avoid solvent action by 
the electrolyte during anodic oxidation 
of aluminum the electrolyte must have 
a high buffering capacity. With such an 
electrolyte the conversion of aluminum 
to aluminum oxide is essentially quan- 
titative. The film thickness is propor- 
tional to the voltage drop across the 
film, and the proportionality constant 
does not depend on the length of time 
which the voltage is left applied. The 
film contains as an essential part of 
its structure, a quantity of the anion 
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from the electrolyte. The film appears 
to be nonstoichiometric, having excess 
aluminum during formation, the amount 
of excess decreasing with increased 
length of anodizing time. The coulon- 
bic transfer during film formation is 
quantitatively accounted for during for- 
mation by oxidation of aluminum to the 
trivalent state and liberation of oxygen 
gas. After the film growth has ceased, 
the current can be only partially «c- 
counted for by oxygen evolution, but 
it is thought that this is because of 
difficulty in nucleating oxygen bubbles. 

16091 
3.8.3, 6.3.19 

The Anodic Oxidation of Zinc and 
Zinc-Tin Alloys at Very Low Current 
Density. S. E. S. El Wakkad et al. J. 
Electrochem. Soc., 105, No. 1, 47-5] 
(1958) Jan. 

Experiments on the anodic oxidation 
of zinc and zinc-tin alloys at a very low 
current density were carried out in so- 
lutions of various pH values using tlie 
direct potentiometric method. With zinc 
the primary oxidation product was a film 
of zinc oxide or hydroxide less than one 
molecule thick. With zinc-tin alloys, 
zinc hydroxide, stannous and _ stannic 
hydroxides were formed before hydro- 
gen evolution. Smaller quantities of 
electricity were required to passivate 
the alloys than the pure zinc. Passiva- 
tion of the aloys in 0.1N nitric acid is 
said to be due to a chemical process, 
not an electrochemical one. 5 figures.— 
ZDA. 15599 


$:8.3,:6:3.2 

The Anodic Oxidation of Cadmium. 
Pt. I. Mechanism of Film Formation. 
P. E. Lake and E. J. Casey. J. Electro- 
chem. Soc., 105, No. 1, 52-57 (1958) Jan. 


Cadmium oxidizes anodically in po- 
tassium hydroxide and potassium car- 
bonate solutions with the formation of 
passive films of cadmium oxide which 
are later converted to the hydroxide or 
the carbonate respectively —ZDA. 1556 


3.8.3, 3.6.5, 6.3.13 ; 

The Static Electrode Potential Be- 
havior of Tantalum and Its Behavior on 
Anodic Polarisation. (In English.) E. M. 
Khairy and M. Kamal Hussein, Univ. 
of Cairo. Bull. Chem. Soc. Japan, 30, 
944-949 (1957) Dec. 

A study of tantalum static electrode 
potential is of importance for obtaining 
insight into its mode of oxidation lead- 
ing to the observed resistivity. For this 
purpose, the electrode potential of tanta- 
lum was measured in buffer solutions 
covering the pH range 1 to 12 and ini- 
tially free from its ions. Anodic polari- 
zation experiments by the repetitive 
oscillographic method were utilized in 
buffer solutions and in other different 
media.—NSA. 15808 


3.8.3, 3.7.3, 6.2.5 

Passivity of Stainless Steel in Sul- 
phuric Acid: Influence of Heat-Treat- 
ment Between 1050 C and 650 C and 
Cold-Working. (In French.) C. Carius. 
Paper before CEBELCOR, Brussels, 
Nov., 1957. Metaux Corrosion-Indus- 
tries, 33, 6-29 (1958) Jan. 

Detailed study of passivity of steels 
containing 0.05-0.08 carbon, 18-18.5 
chromium, 9.7-15% nickel, 18/8-type 
chromium-nickel steels and 18/8/2 chro- 
mium-nickel-molybdenum steel in water 
and aqueous sulfuric acid solutions and 
in calcium and potassium chloride solu- 
tions. Discussion of pitting is included. 
—INCO. 16057 
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3.8.3, 6.3.15 ‘ 

Passivity of Titanium in Hydrochloric 
Acid Solution. R. Otsuka. Tokyo, Scien- 
tific Research Institute, J., 51, 73-74 
(1957) June, 

[he passivity of titanium in hydro- 
chioric acid solutions is attributed to 
hydride formation which is passivated 
on exposure to air. The passive state 
this obtained was unstable but could be 
in. ured by immersion in nitric acid solu- 
tion. Potassium chloride solution was 
jl.o helpful. The corrosion loss differ- 
ence between passivated and unpassi- 
yeted specimens corresponds to the 
times required to destroy the passivity 
9 titanium and titanium hydride. The 
p. ssive state on the latter is the more 
st ible—MR. 15907 


3.3.4, 3.6.5, 3.8.3 

Chemical Evidence for Oxide Films 
or. Platinum Electrometric Electrodes. 
F-ed C. Anson and James J. Lingane. 
J. Amer. Chem. Soc., 79, No. 19, 4901- 
$004 (1957). 

Chronopotentiometric and analytical 
studies confirmed that oxidation of 
platinum electrodes is a PtO/PtO, film- 
formation, rather than an oxygen- 
u/sorption process, and that the films 
inhibit oxidation of other substances at 
the electrode. The ratio of the two 
y»xides is approximately the same, irre- 
spective of whether the oxidation is a 
result of anodic polarization or of chem- 
ical action —MA. 16126 


3.8.4, 3.6.8 
Stoichiometric Numbers and Hydro- 
gen Overpotential. A. C. Makrides. J. 
Electrochem, Soc., 104, No. 11, 677-681 

1957). 

Discusses the stoichiometric number 
)f a reaction mechanism and greatly ex- 
tends the definition. Some objections 
are mentioned to previous definitions. 
The definition given extrapolates from 
reaction rates near equilibrium and is 
independent of any reaction-rate theory. 
It has the advantage that it can be used 
in the case of two or more competing 
reaction mechanisms. The expected 
stoichiometric numbers are derived for 
various possible mechanisms for electro- 
chemical hydrogen evolution. A _ state- 
ment of the Tafel slope and _ stoichio- 
metric number for a slow discrarge and 
rapid combination does not uniquely de- 
termine this reaction as the mechanism 


f hydrogen evolution. 15 references. 
—MA. 15873 


3.8.4, 6.2.2 

On the Lag Interval in Hydrogen 
Reduction of Products of Oxidation of 
Metallic Iron at High Temperatures. 
In Italian.) Agostino Bargone and Vit- 
torio Gottardi. Tecnica Italiana, 12, 449- 
155 (1957) Oct.-Nov. 

Review of research on oxidation of 
iron and hydrogen reduction of result- 
int products; experimental observations 
vhich explain lag period observed dur- 
ng reduction. Lag is related to com- 
position and morphology of the oxides 
ind to temperature and duration of oxi- 
lation process.—MR. 16136 


3.8.4, 6.3.14 

An Examination of Oxide Films on 
Tin and Tinplate. S. C. Britton and K. 
sright. Metallurgia, 56, No. 336, 163- 
68 (1957). 

Rates of growth of oxide films were 
studied by the establishment of com- 
ined oxygen by controlled cathodic re- 
luction in a buffered solution and by 
separation of films from the metal by 
lissolution of the metal in mercury. 
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Oxide films were produced both by 3.8.4,6.3.15 ie 3 tara 
heating in air and by a variety of passi- Study of the Oxidation of Titanium 
vation treatments. Using tinplate, the amd Its Alloys in Air. (In Japanese.) 
oxygen content of the films was deter- a ue ae ee Yo 
mined by cathodic reduction and by wt.- Takeuchi ag okuro Kawanishi. J. 
gain measurements after heating at 200, Japan Inst. Metals., 21, No. 6, 410-414 
210 and 220 C; good agreement was (1957). : 3 
found, X-ray examination of the film The alloys contained 3-10% alumi- 
proved it to be stannous oxide. Tin ®Um and 0.3-1.5% silicon, and the weight 
specimens were heated in dry air at 30- in and electron-diffraction patterns of 
210 C and it was shown that the amount the surface films formed were studied. 
of oxide formed a log(time) at 30 C and The growth law was not purely para- 
a (time)!4 at temperature greater than bolic. Only titanium dioxide was ob- 


180 C. Films formed at more than 170 Sefved, mainly of the rutile-type with 
some anatase-type at the lower tempera- 


C are stannous oxide, less than 170 C ; 

they are probably amorphous. The addi- ‘ture. At 700-900 C the rutile crystals 

tion of 0.1% indium or phosphorus con- showed two types of selective orienta- 

siderably reduces, and the presence of tion. 11 references.—MA. 15918 

moisture increases, the oxidation rate. 3.8.4, 6.3.20, 3.5.9 

Films formed from chromate solution Reaction Kinetics of Zirconium and 

contain chromium. 12 references—-MA. Zircaloy-2 in Dry Air at Elevated Tem- 
15761 peratures. L. F. Kendall, R. G. Wheeler 




























200 GAS WELLS PROTECTED 
FROM CASING CORROSION 


Problem. To protect the casing in more than 200 gas wells from 
external corrosion. These wells are in the Kansas section of the 
Hugoton gas field, and are operated by four companies. Six of the 
wells are in the sand hills area where soil resistivities are of the order 
of 20,000 ohm-cms. 

Solution. CSI engineers made current requirement tests, and then 
applied cathodic protection using Galvomags—Dow’s high-potential 
magnesium anodes. 

Installations were designed to provide a guaranteed current out- 
put, with a minimum protection of 10 years. Current requirements 
ranged from 0.43 to 2.05 amperes. Costs averaged about $325 per 
well. 

For expert consultation, engineering services or cathodic protec- 
tion materials—for either rectifier or magnesium anode installations 
—call or write today. Estimates or quotations without obligation. 


(eSt) CORROSION SERVICES 
INCORPORATED 
General Office, Tulsa, Okla. 


Cleveland 13, Ohio Mailing Address: 
1309 Washington Ave. Box 787, Sand Springs, Okla. 
Tel. CHerry 1-7795 Tel. Circle 5-1351 
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and S. H. Bush. Nuclear Science and 
Eng., 3, No. 2, 171-185 (1958) Feb. 


Oxidation rates of sponge zirconium 
and Zircaloy-2 were measured at 500, 
600 and 700 C in dry air, using speci- 
mens typical of the products presently 
available for reactor structural service. 
Following variables were studied for 
each metal: temperature, shape, amount 
of cold work and gas flow rate; only 
temperature was significant. At any 
given temperature, reaction proceeds in 
two stages; rate of reaction first de- 
creases with exposure time; after pro- 
longed exposure, rate becomes linear 
function of time. Temperature depend- 
ence of rate constants is described by 
Arrhenius equation, which may be used 
to extrapolate data to other tempera- 
tures. Extrapolations show that oxida- 
tion rates are so slow that several years 
service may be expected for zirconium 
and Zircaloy-2 structures at tempera- 
tures below 400 C. Measurement of di- 
mensional changes revealed much scat- 
ter, sensitivity to specimen geometry 
and surface dependence. Oxide formed 
on zirconium is under compressive 
stress and under certain conditions 
metal will flow to relieve this stress. 
Photomicrographs compare corrosion 
films on zirconium and Zircaloy-2. Ta- 
bles, graphs.—INCO. 15635 


3.8.4, 4.6.2, 6.2.2 


Constitution and Morphological Study 
of the Film of Superficial Iron Oxida- 
tion in Steam at High Temperatures. 
(In French.) Jean Paidassi and David 
Fuller. Comptes Rendus, 246, 604-607 
(1958) January 27. 


Investigations between 700 and 1250 
C showed that the adhesion of the film 
to the metal is very different according 
to the oxidizing atmosphere used. The 
film is made of one layer of ferrous 
oxide only, except between 900 and 950 
C where there is a discontinuous ex- 
ternal layer of magnetite—BTR. 15475 


3.8.4, 3.7.2, 6.4.2, 3.5.9 

Oxidation of an Aluminum-3 Per 
Cent Magnesium Alloy in the Tempera- 
ture Range 200-550 C. W. W. Smeltzer. 
J. Electrochem. Soc., 105, No. 2, 67-71 
(1958) Feb. 

A study of the oxidation and magne- 
sium evaporation kinetics has been car- 
ried out on an aluminum-3% magnesium 
alloy. A metallographic examination of 
the surface oxide films produced was 
included. The alloy was oxidation re- 
sistant to 200 C. At temperatures 
greater than 350 C. the oxidation rate 
was initially inxersely proportional to 
the oxide film thickness, transforming 
to a constant rate for long exposures. 
Selective oxidation of magnesium 
caused formation of aluminum inclu- 
sions in the surface oxide. These inclu- 
sions imparted a black discoloration to 
the alloy surface. Magnesium evapo- 
rated from the alloy in a vacuum at 
temperatures greater than 350 C. after 
an induction period, the duration of 
which was dependent on the tempera- 
ture. A comparison of the magnesium 
evaporation and alloy oxidation rates 
demonstrated that the oxide film offered 
resistance to oxidation of the metal. 


(auth)—ALL. 15481 


3.8.4, 6.3.20, 4.3.2 


A Reaction Rate Study of the Corro- 
sion of Low-Hafnium Zirconium in 
Aqueous Hydrofluoric Acid Solutions. 
T. Smith and G. R. Hill. Paper before 


70a 


CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Electrochem. Soc., Cleveland, Sept. 30- 
Oct. 4, 1956. J. Electrochem. Soc., 105, 
No. 3, 117-121 (1958) March. 


Zirconium dissolves readily in hydro- 
fluoric acid solutions leaving a smooth 
unpitted surface. Rate of dissolution of 
zirconium in aqueous hydrofluoric acid 
solutions was studied over a tempera- 
ture range of 7-78 C using a radioactive 
tracer Zr®. Rate was found to be di- 
rectly proportional to un-ionized hydro- 
fluoric acid concentration. In order to 
control equilibrium concentrations of 
un-ionized hydrofluoric acid, HF, H’*, 
and F~ ions, most of the solutions con- 
tained another component such as hy- 
drochloric acid, nitric acid, potassium 
fluotide or perchloric acid. For a given 
un-ionized hydrofluoric acid concentra- 
tion, rate was independent of HF-:, H’*, 
F-, Cl, NOs, K*, or C10% concentra- 
tions over a wide range. Graphs, dia- 
grams.—INCO. 15591 


3.8.4, 5.9.4, 6.4.2 

The Structure of Anodic Oxide Films 
on Aluminum. (In Italian.) M. Paga- 
nelli, Alluminio, 27, No. 1, 3-12 (1958) 
January. 

Anodic films produced in sulfuric 
acid, chromic acid and phosphoric acid 
electrolytes were subjected to an elec- 
tron microscopic investigation, and the 
dimensions of the elements constituting 
the cells of a porous anodic film have 
been measured. The findings were in 
good agreement with the views of ear- 
lier investigators. It is noted that struc- 
tures built up by the various anodizing 
processes currently used show slightly 
different characteristics which may ac- 
count for their specific optical proper- 


ties. A critical examination of recent 
work done in this field is presented. 
—ALL. 15469 
3.8.4 


Colloidal Interpretation of Corrosion 
and Inhibition Phenomena. (In French.) 
Jean Frasch. Corrosion et Anticorrosion, 
6, No. 1, 9-14 (1958) Jan. 

Colloids of metals and their hydrox- 
ides. Electrical charge of amphoteric 
colloids. Corrosion and protection of 
metals producing such colloids. Elec- 
trochemical theories of iron corrosion 


and colloids.—BTR. 15436 


3.8.4, 5.8.3, 4.3.2, 6.3.19 

Velocity of Dissolution of Zinc and 
Influence of Inhibitors Upon Decrease 
of Corrosive Attack in Aqueous Agents. 
(In German.) T. Markovic, Z. Dugi and 
Lj. Rubinic. Werkstoffe u. Korrosion, 
9, 17-20 (1958) Jan. 

Behavior of 99.9% zinc in aqueous 
acid and alkaline solutions represented 
in corrosion current-pH diagram. Equa- 
tion for inhibition of dissolution of zinc 
in aqueous solutions of nitric and sul- 
furic acid containing sodium dichro- 
mate. 20 references.—MR. 15588 


3.8.4, 6.2.2, 3.5.9 

The Kinetics of the Air Oxidation of 
Iron in the Range 700-1250 C. J. Pai- 
dassi. Acta Metallurgica, 6, No. 3, 184- 
194 (1958) March. 

Work on superficial air oxidation of 
iron. In range of 700-1250 C, the scale 
is always composed of 3 continuous and 
compact layers of ferric oxide, ferrous 
ferric oxide and ferrous oxide. Under 
isothermal oxidation conditions, growth 
law of these layers is parabolic, except 


during initial instable stage. In same 
range of temperatures, relative thick- 
nesses of ferric oxide, ferrous ferric 
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oxide and ferrous oxide layers versus 
total thickness of scale remain prac- 
tically the same and are respectively 1, 
4 and 95%. Heat of activation of 40,50) 
cal per mole, illustrates both growth 
process of one or another of these lay- 
ers and of the whole scale. Results ar: 
concerned exclusively with scale 
strongly adherent to the support unde: 
experimental temperature since appear 
ance of a discontinuity, e.g. at metal 
oxide interface, during oxidation modi 
fies completely the constitution of the 
scale. Photomicrographs, graphs. 


—INCO. 1558° 
3.8.4 
Oxidation of Metals. Walter W. 


Smeltzer and Lyndon H. Everett. Ind. 
and Eng. Chem., 50, No. 3, Part II 
496-502 (1958) March. 

The literature concerning oxidation 
of metals is reviewed and an extensive 
bibliography included. The major con- 
tribution of studies on the common base 
metals has been a critical assessment of 
prevalent theories on oxidation mecha- 
nisms and the role of structural proper- 
ties of surface oxide layers. The eluci- 
dation of oxidation mechanisms by 
studies on thin oxide films and of ion 
currents during electrolytic formation 
of oxide layers in aqueous solutions has 
been of particular interest. Investiga- 
tions on the properties of metal oxides 
have covered a broad field: structures, 
metal ion diffusion coefficients, electri- 
cal conductivity, capacitance and mag- 
netic effects. Also, determinations of the 
thermodynamic properties of binary and 
ternary metal-oxygen systems have been 
carried out.—ALL. 15655 





4. CORROSIVE ENVIRONMENTS 





4.2 Atmospheric 





4.2.5 

Corrosion in a Marine Atmosphere. 
(In Italian.) Giampaolo Bolognesi. 
Rivista di Meccanica, No. 159, 13-16 
(1957) April 13. 

Special problems of large installations 
where frequent anticorrosion treatments 
are costly or otherwise not readily exe- 
cuted; case of specialized installations, 
such as oil company docks, where 
marine medium is altered by other sub- 
stances. Pitting, effect of scale left by 
rolling operations, corrosion effects of 
tide and mud, corrosion of welded parts. 
—MR. 15712 


4.2.1, 5.7.4 

Inhibition of Corrosion by Atmos- 
phere Treatment. (In German.) A. Kut- 
ZELNIGG. Werkstoffe u. Korrosion, 8, 492- 
498 (1957) Aug.-Sept. 

Survey of corrosive air pollutants and 
traces, fog and condensed moisture. Air 
conditions in workshops; critical humid- 
ity, methods of dehumidification, mist 
dispersion, dust removal and detoxica- 
tion; protection by use of kraft paper 
for packing purposes. 52 references.— 


MR 14966 


4.2.7 

Corrosion of Metal Surfaces in Trop- 
ical Climates. (In German.) O. Marscu. 
ee u. Korrosion, 8, 688 (1957) 
NOv. 

Tropical conditions are simulated by 
testing products at 40 C and 90% rela- 
tive humidity, Products made of non- 
ferrous metals or with varnished sur- 
faces are preferred. Electric equipment 
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CALGON CORROSION CONTROL 
PROTECTS THESE VITAL AREAS 


Piping, heat exchangers, condensers . . . these are the 
vital areas where corrosion and other water damage 
in cooling systems can result in unscheduled down- 
time, or even force shutdown of the whole process. 
Costly equipment may be damaged, and production 
brought to a halt. The losses that can result far out- 
weigh the modest cost of adequate protection. 

Call on Calgon Engineering Service to insure pro- 
tection of the entire system. From cooling towers on 
through, the Calgon engineer can save you money 


and time. Experience with every type of water prob- 
lem in all parts of the country, backed by complete 
laboratory facilities, is at your service. 

Corrosion control with Calgon* is only one of the 
many services available. A letter or phone call will 
put a Calgon engineer to work on the solution to 
your particular water problem. 


“Calgon is the Registered Trademark of Calgon Company for its sodium 
phosphate glass (sodium hexametaphosphate) products. Licensed for use 
under U. S. Patent 2,337,856. 


CA LGO IND comeany 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PA. 
In Canada: Hagan Corporation (Canada) Limited, Toronto 
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with bright surfaces must be electro- 
plated with copper, nickel, zinc, gold or 
silver, Sweating of insulating materials 
causes corrosion.—MR. 15368 





4.3 Chemicals, Inorganic 





4.3.3, 6.2.5 

Corrosion of Stainless Steel by Uranyl 
Sulfate Solutions Free of Stainless Steel 
Corrosion Products. A. L. Bacarella. 


Oak Ridge National Lab. U. S. Atomic 
Energy Commission Pubn., CF-56-2-3, 


CUT 
PLANT MAINTENANCE 
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PROTECTIVE 
COATINGS 


e 
Phenolic, Epoxy, Latex Resins — 
All Type Applications! 


MINIMIZES CORROSION in Tanks —Vats — 
Pipes — all Containers, any Exposed 
Metal 

PROTECTS AGAINST highly concentrated 
Acids — Fumes — Caustics — Aikalies 
Abrasives — Heat 

PROVEN SUPERIOR in Resistance— 
Flexibility—Long Life—Reduction of 
Deterioration Under the Most Extreme 
Corrosive Conditions 


KERPON PROTECTIVE COATINGS 
Faster to Apply — Cost Less 


For an Easy Solution to Your 
Corrosion Problems — write 





KERR CHEMICALS, INC. 


Box 89 © PARK RIDGE, ILL. 
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Feb. 9, 1956 (Declassified March 16, 
1957), 17 pp. Available from Office of 
Technical Services, Washington, D. C. 
Apparatus is described which was 
used in a study of the corrosion of stain- 
less steel by uranyl sulfate solutions in 
a system in which the products of cor- 
rosion do not accumulate. A schematic 
drawing of the open ended loop equip- 
ment is included. The solution for all 
experiments was approximately 0.17 
molal uranyl sulfate. The experimental 
conditions for each run and the corro- 
sion results for each are summarized. 
Results are compared with results ob- 
tained in rocking bomb and in static 
autoclave bomb experiments.—NSA. 


16139 

4.3.3, 6.3.17 
Corrosion Newsletter No. 1. J. L. 
English. Oak Ridge National Lab. U. S. 
Atomic Energy Commission Pubn., CF- 
51-4-20, April 4, 1951 (Declassified Feb. 
14, 1957), 12 pp. Available from Office 
. ae Services, Washington, 


A study was made of uranyl sulfate 
solution stability at 250 C as a function 
of exposure time in untreated stainless 
steel systems. It was concluded that 
total uranium reduction from the uranyl 
sulfate was nearly 100% complete in 8 
hours, that no definite correlation of 
U* and total pH vs. total uranium con- 
tent could be obtained, and that type 
347 stainless steel showed a slight 
weight increase during the first four 
hours. The effect of Graphitar No. 14 
on the stability of uranyl sulfate at 100 
C and 250 C was also studied. An aver- 
age reduction of 9.9% in total uranium 
content was obtained during 24 hours at 
100 C and an 18% reduction in total 
uranium during 24 hours at 250 C.— 
NSA. 15768 


4.3.2, 6.4.2, 5.8.2 

On Some Inhibitors of Aluminum 
Corrosion. Pt, II. Effect of Tanic Acid 
on 99.0% Aluminum in 1 Normal Hy- 
drochloric Acid. (In Italian.) G. De An- 
gelis and V. Carunchio. Metallurgia 
Italiana, 49, No. 11, 783-792 (1957) Nov. 
The dissolution of aluminum in 1 nor- 
mal hydrochloric acid of an electro- 
chemical nature. Tanic acid inhibits the 
corrosion of 99.0% aluminum by acting 
on both anodic and cathodic polariza- 


Are ETHICS old-fashioned ? 


Since the beginning of reason, 
ethics have proved to be the best 
way, the easiest way for man to 
live with himself and his fellow 
man. It is easy to see why, when 
you remember that ethics are born 
of mutual respect, nurtured by con- 
sistency, maintained by practical 
necessity. 

However, there are those who, 
obviously, seem to deem ethics as 
old-fashioned baggage to be 
dropped the first second there is an 
opportunity for a “‘deal.”’ Logically, 


MAYES 


1150 
McCarty 


Drive 
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HOUSTON, TEXAS 


if these opportunists will sacrifice 
ethics so readily for quick profit, 
they will forget them on any 
occasion. 

For the past 30 years at Mayes 
Bros., one of the prime considera- 
tions in “putting permanence in 
pipe” has been putting perma- 
nence in relations with our cus- 
tomers through business practices 
that are fair, just, and ethical. 
Mayes Bros. has never considered 
ethics old-fashioned. We _ believe 
ethics are the very cornerstone of 
successful modern business. 


BROS. .. 


2-7566 
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tion, shifting the reaction potential to- 
wards more anodic values.—BTR. 15556 


4,3.2, 7.1, 4.3.3 

The Resistance of Various Bearing 
Materials to Chemical Attack by Nitric 
Acid and Uranyl Nitrate Hexahydrate 
Norman Groves. General Electric 
Co., Hanford Atomic Products Opera- 
tion. U. S. Atomic Energy Commissior 
Pubn., HW-30500, March 11, 1954 (De- 
classified Feb. 19, 1957), 20 pp. Available 
from Office of Technical Services 
Washington, D. C. 

The chemical resistance of various 
bearing materials, used in Purex sub- 
merged pumps, to solutions of nitric 
acid and uranyl nitrate was studied. Re- 
sults indicated that Corning glass, boron 
carbide, titanium, or Chemelac M1-411 
exhibited sufficient resistance to chem- 
ical attack by 60% nitric acid and iby 
100% uranyl nitrate solutions at boiling 
temperatures to warrant their use as 
bearings in Purex submerged rotating 
equipment.—NSA. 15797 


4.3.2, 7.6.4 

Sulfuric-Acid Corrosion in Oil-Fired 
Boilers and Studies on Sulfur-Trioxide 
Formation. Donald R. Anderson and 
Frank P. Manik. Am. Soc. Mechanical 
Engrs. Paper No. 57-A—199, December, 
1957, 12 pp. 

Sulfuric-acid corrosion in air heaters 
and economizers of residual oil-fired 
boilers. Factors controlling oxidation of 
sulfur dioxide to sulfur trioxide during 
combustion process of residual fuels. 35 
references. —MR. 15710 


4.3.2, 6.3.6, 5.8.3 

On the Behavior of Brass in Dilute 
Solutions of Mineral Acids and Their 
Mixtures in the Presence as Well as in 
the Absence of Inhibitors, (In German.) 
W. Macuu anp M. G. Fouap. Werkstoffe 
u. Korrosion, 8, 139-145 (1957) March. 

Loss of weight of 60-40 brass in min- 
eral acids or their mixtures, with and 
without inhibitors, is not additive and 
does not depend on the accelerating or 
inhibiting effects of the inhibitors, but 
on the more or less favorable conditions 
which prevail for the formation of pro- 
tective coatings. 15 references.—MR. 

13796 


4.3.2, 6.4.2, 5.8.2 

Some Inhibitors of Aluminum Corro- 
sion. Pt. I. Acid Medium in Presence of 
Tannic Acid and Rosin, (In Italian.) 
G, DEANGELIS AND V. Caruncuio. Metal- 
lurgia Italiana, 49, 349-354 (1957) May. 

Specimens of 99 percent aluminum 
were immersed in hydrochloric acid. 
Both tannic acid and rosin showed good 
inhibiting properties, providing about 99 
percent protection in strongest solu- 
tions. Study was carried out by meas- 
uring loss of weight, reaction potential, 
surface tension and pH. 31 references. 





5. PREVENTIVE MEASURES 





5.2 Cathodic Protection 





5.2.1, 4.6.11, 7.5.5 

A Trial on Cathodic Protection of 
Sea-Water Tank. Pt. IV. Testing on the 
Characteristics of the Coatings Obtained 
by the Amalgamated Aluminum and 
Zinc Main Anodes. (In Japanese.) H. 
Shigeno, Y. Hisamatsu, I. Koizumi and 
S. Imai. Corrosion Engineering, 6, No. 
4, 214-216 (1957) July. 
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As functional as it is attractive... 











New H. J. Heinz research center is another 
endorsement for Transite’ Vent Pipe! 







Visit the H. J. Heinz Company’s new Research Center and 






Architects and Engineers: you see a strikingly attractive structure . . . and every bit as 
Skidmore, Owings & Merrill ° ° ¢ ° 
Partner tn Charge: Gordon Bunshaft functional! Here—every design detail, every material 









pm ni indie nee used contributes to greater scientific productivity. 


Within the many laboratories—equipped to test 
foods for taste, aroma, color, appearance—there’s 
a marked accent on cleanliness. Every piece of 
equipment is planned to prevent con- 
tamination, to stay clean and rust free. 
That’s why corrosion-resistant Transite 
Industrial Vent Pipe was chosen to 
vent every one of the Research Cen- 
ter’s laboratories. 


Whether used indoorsor out, Transite 
offers you many advantages. Made of 
asbestos-cement, Transite retains its 
original, attractive appearance. Saves 
on upkeep because it never needs paint- 
ing or preservative coating. Saves on 
maintenance because it resists the at- 
tack of most gases, mists, fumes and 
dusts . . . is unaffected by weather. 


For further information on Transite 
Industrial Vent Pipe, write to Johns- 
Manville, Box 14CO, New York 16, 
N. Y. In Canada, Port Credit, Ontario. 










Engineering: Jaros, Baum & Bolles 
General Contractors: 
George A. Fuller Company 
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The characteristics of the coatings, 
resulted in the experiment described in 
the previous report, were examined. The 
average potential of —980mV (referred 
to saturated calomel) was observed over 
the coated surface with the cathodic 
current of 36 mA/m’. Fairly negative 
potentials were still maintained when 
the current was stopped for a long time. 
In spite of the interruption of current 
for more than 70 days, including the 
period of exposing the coatings to dry 
air for a week, the necessary current for 
complete protection was found to be 
only 20 mA per sq meter.—JSPS. 15500 


5.2.1, 4.6.11, 7.5.5 

A Trial on Cathodic Protection of 
Sea-Water Tanks. Pt. III. On the 
Electro-Coating by the Combination of 
Amalgamated Aluminum and High- 
Purity Zinc Anodes. (In Japanese.) H. 
Shigeno, Y. Hisamatsu, I. Koizumi and 
S. Imai. Corrosion Engineering, 6, No. 
4, 210-214 (1957) July. 

The third series of experiment was 
carried out on the electrocoating of a 
steel tank containing about 100 tons of 
sea-water. This time, the inner surface 
fairly rusted was electrocoated with 
boosting anodes made of aluminum 
(99.8%) rods superficially amalgamated. 
An electricity of 62 A*hr was passed 
on the 1 sq meter of protected area for 
72 hours. The coatings obtained were 
examined and the potential distribution 
was determined under the protection 
with high-purity zinc anodes. Then the 
coated surface was electrocoated again 
with a current of 91 A*hr per sq meter 
for 142 hours by means of amalgamated 
aluminum. The coatings were consider- 
ably improved by the additional coat- 
ing process. The amalgamated alumi- 
num produced an anodic current of 5 
mA/cm? and amounted to 1.5--2.0 A« hr 
per gram of weight loss —JSPS. 15499 


5.2.2, 8.9.3 

Anodes Can Protect Your Projects. 
W. P. Monroe. Sargent and Lundy. 
Consulting Engr., 10, No. 2, 80-83 
(1958) Feb. 

Discusses cathodic protection of un- 
derground structures as to. galvanic 
cells, current requirements, economic 
considerations and location of anodes. 
Protection of pipelines with coatings 
and cathodic protection is described. 
Diagrams, photos.—INCO. 15482 


5.2.2, 7.4.2 

Cathodic Protection May Boost Cor- 
rosion! C. Breckon. Petroleum Refiner, 
37, No. 3, 189-190 (1958) March. 

Sacrificial iron anodes are best ma- 
terial to use for protection of copper 
alloy heat exchanger tubes. High po- 
tential available from zinc or magnesium 
electrodes may give rise to conditions 
where natural protective films do not 
form, and such anodes are likely to 
deprive tubes of beneficial effects of 
iron corrosion products in the water. 
Where impressed current system is in- 
stalled, risk of damage to tubes is mini- 
mized by using soluble iron anodes. 
Photograph shows corrosion in 70/30 
copper-nickel tube due to scratch lines 
near end of tube which created large 
potential difference between zinc anode 
and newly-scratched surface and pre- 
vented formation of natural protective 
film.—I NCO. 15455 


5.2.3, 3.6.9, 4.5.3 

Relationship Between the Strength of 
Cathodic-Protective and Strav Currents 
Circulating in Underground Cables. (In 
French.) Stefan Mince and Zbigniew 
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Feldblum, Corrosion et Anticorrosion, 
5, No. 11, 308-314 (1957) Nov. 

A steel tube cut into 4 equal lengths, 
suitably connected to conductors of 
stray and cathodic currents, was buried 
in prepared gravel of known humidity 
and resistivity. The minimum cathodic 
current (I,(o)) required for prevention 
of corrosion by stray currents (Ip) of 
known strength at a given point (x) in 
the tube is given by I,(0) = 1?*I,(x)/ 
x(1—x) — SAIp, where 1 is the tube 
length and SAI, is an empirical correc- 
tion for soil corrosion, the combined 
action of soil corrosion and stray cur- 
rents, and the deviation from idea stray- 
current distribution. The value of 
1?*I,(x)/x(1— x) is directly measur- 
able.—MA. 15991 





5.4 Non-Metallic Coatings and 
Paints 





5.4.2 

Glass Coatings. A Good Way to Pro- 
tect Metals. Charles E. Bullock and 
Forest Nelson. Materials in Design En- 
gineering, 47, 106-109 (1958) March. 

Chemical and physical properties, per- 
formance capabilities and design factors 
in the use of new glass coatings.—MR. 


15620 
5.4.2, 5.4.8 
Development and Evaluation of In- 
sulating-Type Ceramic Coatings: Part 
I. Development and Small-Scale Test- 
ing. S. Sklarew, C. A. Hauck and A. V. 
Levy. Marquardt Aircraft Co. for 
Wright Air Development Center, U. S. 
Air Force. February, 1958, 98 pp. Avail- 
able from Office of Technical Services, 
U. S. Department of Commerce, Wash- 
ington 25, D. C. (Order PB 131752). 
Metal-reinforced refractory coatings 
effective in the 2000-3000 F range were 
developed during this search for ceramic 
coatings capable of protecting alloys 
used in aircraft and missile propulsion 
systems. Eight systems were investi- 
gated. They were based on sodium sili- 
cate, frit, aluminutn phosphate binders 
and a commercial binder designated 
L-389, all with refractory grain fillers. 
Most promising for high-stress service 
in the 3000-F range were the phosphate- 
bonded compositions. Glass-type bonded 
compositions such as those containing 
sodium silicate binder were found to be 
limited to low-stress service up to 2400 
F because of the thermal limitations of 
the glasses used. Seam welding was 
evaluated as the best method for at- 
taching reinforcement. Evaluation of 
the insulating ability of the coatings 
indicated that temperature reductions 
up to 1000 F at equilibrium and thermal 
lag times of about 60 seconds to equi- 
librium can be obtained through use of 
reinforced coatings with thicknesses of 
0.1 to 0.16 in. and weight of about 0.11 
Ib per cu in. of coating, including rein- 
forcing media.—OTS. 15657 


5.4.3 

Modern Tank Linings. A. D. C. Ham- 
ilton. Paint J., 7, No. 53, 438-439, 456 
(1957). 

Paints based on phenolic resins are 
used to a considerable extent for the 
lining of tanks and containers. The dry 
film, however, is inclined to be brittle 
and not resistant to alcohol-blended 
motor fuel or to acids or alkalies. Fairly 
successful results have been obtained 
with paints based on vinyl or vinylidene 
(chloride)/acrylonitrile resins. Isocya- 
nate coatings have also shown promise. 
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Cold-cure epoxide resin coatings give 
excellent service, being fully resistan: 
to a wide variety of petroleum products, 
fresh and salt water and dilute acids 
and alkalies. For all coatings, surface 
preparation is very important.—RPI. 


15800 
5.4.3, 7.6.6 

Comparative Study of Linings for 
Sulphite Digesters. J. M. Jopp. Paper 
before Can. Pulp and Paper Assoc. 
Pacific Coast Branch, Tech. Sect., Spring 
Convention, Harrison Hot Springs 
B. C., April 25-27, 1957 and Tech. Sect. 
Summer Mtg., Saranac Inn, N. Y., June 
5-7, 1957. Paper Trade J., 141, No. 30, 
28-33, 48 (1957) Sept. 30. 

Advantages, disadvantages and cost 
of carbon steel ceramic brick-lined, car- 
bon  brick-lined, stainless steel and 
stainless steel clad vessels are compared. 
The first stainless linings were Type 316, 
but serious corrosion occurred in the 
domes and later linings included Hastel- 
loy F for these sections, European di- 
gesters were all made of a titanium 
stabilized stainless. Polished Type 316 
plates and titanium stabilized stainless 
show no signs of corrosion. Intergranu- 
lar corrosion is quite common since fac- 
tors favorable to such attack result from 
elevated temperature reached during 
welding and fabricating of stainless clad 
plate. Results of study show that it is 
unlikely that any type of digester will 
operate for a long period without 
maintenance. Evidence strongly indicates 
that a stainless-clad vessel of specifi- 
cations and design given will produce 
higher quality and lower cost sulfite 
dissolving pumps than any of the other 
three alternatives. Tables, diagrams.— 
INCO. 15917 


5.4.7 

Dip Painting and Flow Coating. M. 
Reeves. Electroplating, 11, No. 4, 105- 
109 (1958). 

The author comments on dip painting 
and flow and centrifugal coating proc- 
esses in the light of personal experi- 
ence. For the right type of work these 
processes offer tremendous possibilities 
for increasing production in the paint 
shop. Dip painting can readily be incor- 
porated into a conveyorized finishing 
sequence, particularly where a camel- 
back oven is used. Various types of dip 
painting machines and _ conveyorized 
installations are considered, together 
with methods for removing surplus 
coating material. Flow coating is un- 
doubtedly growing in popularity and is 
applicable to almost every branch of the 
paint finishing trade, including car com- 
ponents, office equipment, household 
commodities, metal furniture and service 
equipment. In a much more limited 
field, centrifugal coating is a rapid and 
economical method of applying a single 
coat of paint or lacquer to small articles. 


—RPI. 16105 


5.4.7 

Plastic Properties of Sprayed Alumi- 
num Diffusion Coatings on Steel. S. 
Gebalski. Prace Inst. Mech., 6, No. 20, 
3-31 (1957). 

Sprayed aluminum diffusion coatings 
are used to prevent oxidation of steel 
during hot working and heat-treatment. 
The as-sprayed coating does not show 
any adhesion, but after diffusion it ad- 
heres well and the steel can then be hot 
or cold worked without cracking or 
peeling of the coating. The coating con- 
sists of a solid solution of aluminum in 
a-iron with an average maximum alu- 
minum content of 16%; if the steel has 
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SARAN LINED PIPE 
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After 16,000,000 Gallons of Sulphuric Acid 


A vital round-the-clock stream of highly corrosive H.SO, 
. . . to be carried by a piping complex that must not shut 
down for any reason . . . calls for the ultimate in corrosion 
resistance. Thanks to Saran Lined Pipe, the installation 
shown above has carried over 16,000,000 gallons of acid 
without a shutdown, or trace of corrosion, since construc- 
tion a year ago. 


At the Gramercy, Louisiana, plant of Kaiser Aluminum & 
Chemical Corporation, thirty gallons per minute of sulphuric 
acid are pumped through this three-inch Saran Lined Pipe 


Corrosion in SARAN LINED PIPE 


into vertical tanks where newly generated chlorine gas is 
dried. Failure in these lines would shut down the entire 
caustic-chlorine plant, but the corrosion resistance of the 
Saran Lined Pipe permits uninterrupted operation, month 
after month. 


Saran Lined Pipe, fittings, valves and pumps are available 
for systems operating from vacuum to 300 p.s.i., and from 
below zero to 200° F. They can easily be cut, fitted and modi- 
fied in the field. For information write, Saran Lined Pipe Com- 
pany, 2415 Burdette Ave., Ferndale, Mich., Dept. 2285AU4. 


THE DOW CHEMICAL COMPANY ¢ MIDLAND, MICHIGAN 
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to be deformed by > 80%, the alumi- 
num content should be decreased. The 
hot-worked diffusion- -coating has good 
resistance to scaling if it is 0.3 mm 
thick. This is sufficient for more than 10 
working operations in the case of small 
articles, and 2-3 operations for large 
parts. The hardness of the diffusion 
coating should not exceed 400-500 kg/sq 
mm. Plastic properties can be obtained 
on heating the component with 3-mm 
aluminum coatings for 2 hours at over 
1000 C. Plasticity & time of heat-treat- 
ment and inversely the thickness of the 
coating and is affected by the shape of 
the article. The thickness of the coating 
necessary depends on the number_of 
working operations and sees: For 
up to five reheatings 0.3 mm is neces- 
sary, but for small articles worked only 
once 0.2 mm is sufficient. The coating 
can be protected from initial oxidation 
by sodium silicate solution. Forgings 
need not be preheated to cause diffu- 
sion, as the heat of the forging opera- 
tion will suffice —ALL. 15839 


5.4.8 

Plating Wire for Eye Appeal: Survey 
of Finishes and Processes. R. T. Gore. 
Wire and Wire Products, 32, No. 10, 
1246, 1291-1295 (1957). 

Decorative zinc coatings on wire are 
best applied continuously with alkaline 
plating solution of the cyanide type. A 
basic plating with nickel enhances cor- 
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rosion-resistance and contributes to a 
thin, bright, and non-porous coating of 
zinc, copper, chromium, brass or bronze. 
To obtain a bright coating of tin heat- 
ing to temperatures greater than 451 F 
(233 C) and quenching are necessary 
after plating —MA. 15842 


5.4.8 

Zinc Powder and Zinc Oxide Base 
Anti-Rust Paints. (In Italian.) Gian- 
carlo Ghisolfi. Pitture e Vernici, 13, 833- 
842 (1957) Dec. 

Anti-rust protection provided by mix- 
tures of zinc powder and zinc oxide in 
paints with chemically inert bases and 
oily bases evaluated by salt spray tests 
and measurement of electrical potential 
and voltage in corrosion cells. Films 
produced by paints studied were applied 
to inert bases, then investigated for per- 
meability, ease of absorption of solu- 
tions, possibilities of reaction with elec- 
trolytes. Paints with zinc powder-zinc 
oxide bases in chemically inert vehicle 
and having composition very similar to 
that of a zinc-rich paint develop effi- 
cient anti-rust action. 5 references.—MR. 


15783 


5.4.8 

The Use of Epoxide Resin Based 
Coatings for Corrosion Prevention in a 
Chemical Refinery. J. L. Francis. Cor- 
rosion Prevention and Control, 4, No. 3, 
74-75 (1957) March. 
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An epoxide resin based primer, pig- 
mented with metallic zinc, followed by 
one coat of a cold cured epoxide resin 
based finish is said to give excellent pro- 
tection to tanks containing tar acids, 
crude and refined naphtha, and acids 
and alkalis including concentrated sul- 
furic acid and strong caustic soda solu- 
tion.—ZDA. 15786 


5.4.10, 5.2.1, 8.9.3 

Polyethylene Tape Proves Value. M. 
E.. Parker. Oil Gas J., 55, No. 2 133- 
134 (1957); Chem. Absts., 51, No. 16, 
12478d (1957). 

Polyethylene tape used to wrap pipe- 
lines requires only about one-third the 
electric current for cathodic protection 
of that required for pipe coated with 
conventional coal-tar coatings, as deter- 
mined by field tests with 8” welded steel 
pipelines.—RPI. 15888 





5.9 Surface Treatment 





5.9.4 

A Surface-Treatment Method for the 
Prevention of Corrosion of Magnesium 
(Alloy) Castings. G. Nordell and I. 
Weibull. Corrosion et Anti-Corrosion, 
5, No. 2, 58-60 (1957). 

The castings are electrolyzed for 1 
hour at 90 V and current density 1.5- 
2.0 amp/dm’, using A.C., in a bath con- 
taining (g/1) potassium hydroxide 120, 
aluminum trihydroxide 30, sodium or- 
thophosphate 35, potassium fluoride 35, 
potassium manganate 20. The castings 
are then painted with a varnish contain- 
ing aluminum powder. The coating is 
resistant to thermal shock and _ alloy 
ZT1 so treated resisted alternate expo- 
sure to air/3% sodium chloride for 4 
months. Fatigue resistance is greatly re- 
duced.—MA. 15878 


5.9.4 

Conversion Coatings for Metals. Rob- 
ert J. Fabian. Materials in Design Eng., 
46, No. 2, 121-136 (1957). Material in 
Design Eng,, Manual No. 140. 

Coatings which form an integral part 
of the basis metal are produced by 
chemical or electro-chemical means on 
both ferrous and non-ferrous materials. 
The production and properties of phos- 
phate, chromate, anodic oxide and 
special coatings are discussed with illus- 
trations. Coating details include phos- 
phate for aluminum, chromate for 
aluminum, magnesium and copper, anod- 
ized for aluminum and magnesium and 
oxide and special coatings for copper, 


brass, zinc, cadmium and titanium.— 
MA. 15784 
5.9.4 


The Applications of Bonders. P. de 
Cerma. Metallurgica Italiana, 49, No. 5, 
377-378 (1957). 

Bonders are defined as chemical prod- 
ucts that are used to bond organic sub- 
stances to metals. They are formed in 
situ by reaction of chemicals with metal- 
lic surfaces. Examples are layers of 
zinc orthophosphate on zinc or alumi- 
num, and aluminum oxide alone or 
mixed with either (Al, Cr)PO* or alu- 
minum orthophosphate on aluminum. 
These layers are firmly anchored to the 
base metal; the surface of the layers is 
rough and porous, and this structure en- 
ables them to form firm bonds with 
other substances, such as oils of all 
types, greases and lacquers. The bonder 
layers by themselves are resistance to 
corrosion; the phosphates in particular 


15753 





Ordn 
Avail 
ices, | 
ingtor 

The 
tile) ¢ 
tough 
sion ¢ 
succe: 
castin 
ness. 
know 
oculai 
qualit 
consi: 
nesiu! 
as the 
form: 
tectic 
carb 
eutec 
for tl 
sary 
inocu 
ferro! 
and | 
term: 
ing a 
and | 


6.2.5, 
Th 
Steel 
erick 
Olive 
inst. 
BMI 
able 
Was 
Ce 
lique 
krod 
not 
geste 
347 
have 
sulti 
sour 
beco 
ride, 
lique 
such 
corr 
ploy 
of tl 
onst 
the 
in b 
whe 
fluo! 
may 
corr 
leve 
peat 
sistz 
20 s 
sho 
trat 
cort 
tion 


6.2. 
I 
Bo 
Apt 
of 
Cor 
der 
A 











- ~pig- 
sd by 
resin 
t pro- 
acids, 
acids 
| sul- 
solu- 
15786 


'133- 


pipe- 
| the 
ction 
with 
eter- 
steel 
5888 





ara 


mm 


Seer TET 






April, 1959 





6.2 Ferrous Metals and Alloys 





6.2.2, 8.8.5 

Investigation of Nodular Cast Iron 
Manufactured in the Springfield Arm- 
ory Casting Laboratory. O. Lubinkow- 
ski. Springfield Armory, U. S. Army 
Ordnance Corps. May, 1957, 45 pp. 
Available from Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington 25, D. C. (Order PB131399). 


The advantages of nodular (or duc- 
tile) cast iron—good machineability and 
toughness, excellent resistance to corro- 
sion and high-temperatures—led to this 
successful effort to prepare thin-wall 
castings of less than one-half inch thick- 
ness. Magnesium silicon, in a little- 
known application, was used as an in- 
oculant. Results indicated that a high- 
quality nodular iron can be cast with 
consistently good results with the mag- 
nesium silicon alloy containing copper 
as the inoculant. For thin-wall castings, 
formation of predominantly hypereu- 
tectic nodules is most suitable; thus the 
carbon content should be above the 
eutectic point to attain best conditions 
for this formation. It was found neces- 
sary to superheat the melt prior to 
inoculation. Addition agents such as 
ferromanganese, tellurium, Lanceramp, 
and ferrosilicon were also evaluated in 
terms of use and importance in produc- 
ing an iron with fully pearlitic structure 
and restricted carbide presence.—OTS. 

15827 
6.2.5, 3.4.8 

The Corrosion of Type 347 Stainless 
Steel in Boiling Digest Liquors. Fred- 
erick W. Fink, Walter J. Braun and 
Oliver M. Stewart. Battelle Memorial 
inst. U. S. Atomic Energy Comm. Pubn., 
BMI-1252, Jan. 28, 1958, 40 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 


Corrosion studies indicate that digest 
liquors presently in use at the Mallinc- 
krodt Uranium Refining Center should 
not be excessively corrosive to the di- 
gesters which are constructed of Type 
347 stainless steel. Experimental tests 
have shown that the digest liquors re- 
sulting from some of the more recent 
sources of uranium concentrates might 
become corrosive if the fluoride, chlo- 
ride, or free nitric acid contents of these 
liquors should reach abnormal levels. If 
such constituents are present, there are 
corrective procedures that may be em- 
ployed to prevent excessive corrosion 
of the stainless steel. It has been dem- 
onstrated that aluminum additions to 
the digest liquors will reduce the attack 
in both the liquid and vapor phases 
when relatively high concentrations of 
fluoride are involved. Iron additions 
may be used to some extent to combat 
corrosion arising from high chloride 
levels. Type 304 ELC stainless steel ap- 
pears to have comparable corrosion re- 
sistance to Type 347 and Carpenter No. 
20 stainless. Haynes Alloy No. 25, which 
showed a somewhat lower rate of pene- 
tration tended to form a loose insoluble 
corrosion product which may be objec- 
tionable in service. (auth.)—NSA. 16047 


6.2.5 


Iron-Chromium-Aluminum Alloys. J. 
E. Srawley. U. S. Naval Research Lab. 
April, 1958, 19 pp. Available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. (Or- 
der PB 131676). 

Alloys containing up to 25% chro- 
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mium and 11% aluminum were pro- 
duced by vacuum melting and _ hot 
worked by forging. When compared 


with type 310 stainless steel, they were 
brittle at room and moderately high 
temperatures and weak above about 1200 F. 
Nevertheless, the alloys’ oxidation re- 
sistance overrode these disadvantages 
in some high-temperature applications, 
and tests showed that they are resistant 
to attack by combustion products of 
residual fuel oils. The excellent hot- 
working characteristics suggested use 
in economical production of “dogbone” 
support members by closed-die forging. 
Aluminum-containing alloys all had 
considerably better strength at elevated 
temperatures than the plain 25% chro- 
mium comparison alloy. The effective 
feature of vacuum induction melting of 
iron-chromium-aluminum was seen to 
be simply the exclusion of oxygen, ni- 
trogen, and water vapor during melting 


and pouring.—OTS. 16097 


6.2.5, 4.3.2 

Corrosion Behavior of Chromium- 
Nickel Steels in Concentrated Solution 
of Sulphuric Acid. V. I. Gintsburg. 
Khim. Prom., No. 1, 37-42 (1958) Jan.- 
Feb. 

Study of corrosion behavior of steels: 
St. 2 (low-carbon), Kh 18 NOT (18/9 + 
titanium), 1 Kh 18N12M2T (18/12 + 
molybdenum and titanium), and E1530 
in concentrated sulfuric acid under va- 
rious test conditions; test apparatus de- 
scribed. At 85-100 C, marked tendency 
to pitting of KhI8N9T and comparative 
immunity of 1Kh18N12M2T were noted. 
Many external factors influence initia- 
tion and development of pitting, in par- 
ticular oxidizing capacity of solution 
and rate of flow. First observation of 
new type of corrosion, described as 
“nipple” corrosion resulted from pro- 
longed action of sulfuric acid on nickel- 
chromium steels —INCO. 15933 


6.2.5, 8.9.1, 3.5.9 

Evaluation of High Strength Steels 
for Elevated Temperature Applications 
in Aircraft. Pt. I. Flat Rolled Products. 

National Research Council, Materials 
Advisory. Board. April 8, 1958, 90 pp. 
U. S. Atomic Energy Commission 
Pubn., Contract DA-36-039-sc-76436, 

Two questionnaires, prepared by the 
Materials Advisory Board but distrib- 
uted by the Aircraft Industries Associ- 
ation, elicited the information that flat 
rolled steels required today and in the 
reasonably foreseeable future for air- 
frame applications should preferably be 
corrosion resisting and have the follow- 
ing short time mechanical properties. 


Minimum 

Service Tensile 
Temperature Strength 

psi 

Room 260,000 
800 F 200,000 
1000 F 170,000 
1100 F or 1200 F 120,000 


It was further developed that current 
methods of presenting creep data are 
inadequate and that a uniform method 
of testing new steels for aircraft appli- 
cations is indicated. All compositions 
should be readily weldable and have 
reasonably good machinability consist- 
ent with unavoidable high hardness. 
Steels suitable for high-temperature ap- 
plications in aircraft and missiles are of 
six types: hot work steels and marten- 
sitic alloy steels, which are not corro- 
sion resisting, and martensitic stainless, 
semi-austenitic precipitation hardening 
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stainless, cold rolled austenitic stainless 
and precipitation hardening austenitic 
stainless steels, all of which have vary- 
ing degrees of corrosion resistance. 
Some 27 trade name steels currently in 
production met one or more of the 
MAB target values; no one steel met 
all of them. Of the various steels which 
met the target values, the hot work 
steels offer the highest tensile strengths 
and the best strength/weight ratios up 
to 1000 F based on short time tensile 
tests. Martensitic and cold-rolled stain- 
less steels are satisfactory up to about 
800 F. No significant break through of 
the 1100 to 1150 F top usable service 
temperature for true steels appears 
likely in the near future although all of 
the major producers are conducting ac- 
tive research on the subject. (auth)— 


NSA. 16086 


6.2.5, 3.7.3, 4.3.6 

The Corrosion of Stainless Steels in 
Aluminum Nitrate-Sodium Dichromate- 
Uranyl Nitrate Solution. A. R. Olsen. 
Oak Ridge National Lab. U. S. Atomic 
Energy Commission Pubn., ORNL-195, 
Nov. 3, 1949 (Declassified March 19, 
1957), 8 pp. Available from Office of 
Technical Services, Washington, D. C. 

Various types of welded stainless 
steel specimens were exposed to a solu- 
tion simulating in composition that pre- 
sent in a solvent extraction process in 
the 1200 Area at Oak Ridge National 
Laboratory. The specimens were ex- 
posed singly and in contact with other 
stainless steels in an attempt to deter- 
mine the formation rate of corrosion 
products on or adjacent to welded areas. 
Stainless steel types 302, 304, 316 and 
347 were the materials under considera- 
tion for the extraction columns. The re- 
sults of the tests indicae that none of 
the stainless steels were subject to seri- 
ous corrosion attack. Types 302 and 347 
showed slightly superior corrosion re- 
sistance which was particularly evident 
in contact couples of these two mate- 


rials. (auth.)—NSA. 15509 


6.2.5, 4.3.2 

Corrosion of Austenitic Stainless Steel 
in Mixed Acids. W. W. Koenig. Han- 
ford Works. U. S. Atomic Energy Com- 
mission Pubn., HW-17981, June 5, 1950 
(Declassified Feb. 19, 1957), 8 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

An investigation was made of the cor- 
rosion rates of several austenitic stain- 
less steels in simulated Redox Process 
waste storage solution containing hy- 
drofluoric acid, nitric acid and sulfuric 
acid. Carpenter 20 and T-309 SCb steels 
showed good resistance to solutions of 
two concentrations, while T-304 ELC 
and T-347 showed poor resistance to 
one concentration and good to fair re- 
sistance to the other—NSA. 15805 


6.2.5, 4.3.3, 8.4.5 

Studies on Corrosion of 18-8 Stainless 
Steels in Uranyl Salt Solution. T. Kuro- 
yanagi, N. Shinoda, R. Hasiguti and G. 
Ito. Paper before Atomic Power Sym- 
posium, Jan. 1957. J. Iron and Steel Inst. 
Japan, 43, No. 12, 1312-1317 (1957) Dec. 

For installation of the solution-type 
reactor, the authors investigated as to 
the selection of various types of home- 
made stainless steel for the manufacture 
of tanks and pipings of the reactor. It 
was found that 18-8 stainless steel gave 
a satisfactory result within a corrosion 
rate which is permissible for the mate- 
rial to be used for the ordinary reactor. 
Corrosion resistance of the contact point 
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Republic XTRU-COAT Effectively Stops’ 


Gas utilities are convinced. Republic X-TRU-COAT 
effectively stops corrosion in buried metal pipe- 
lines. More and more utilities are standardizing 
on X-TRU-COAT to protect valuable investments 
in gas services and mains. 

The plastic jacket is high density polyethylene, 
continuously extruded over a special pressure-sen- 
sitive adhesive undercoat to form a moisture-proof, 
elastic bond with the pipe. One of the most inert 
plastic materials available, polyethylene is charac- 
terized by high chemical and electrical resistance, 
negligible water absorption, exceptional tough- 
ness, and flexibility. 

The steel pipe and tubing is Republic Butt Weld 
or Electric Resistance Weld—uniformly ductile, 
round, and strong. This high-quality pipe and 
tubing assures accurate line-up of joints for better 
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field welds... smooth bending in field or shop... 
complete dependability. 

Because X-TRU-COAT’s bright yellow color 
reflects heat, pipe remains at lower temperatures 
during summer storage, retaining its tough, abra- 
sion-resistant properties. Joints are economically 
protected with plastic tapes or cold-applied joint 
compounds. X-TRU-COAT is available in a wide 
range of pipe and tubing diameters (through 
5%o” O.D.)and wall thicknesses. Contact your local 
Republic sales office for complete information. 
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MEETING OTHER CORROSION PROBLEMS HEAD-ON! 
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REPUBLIC ELECTRUNITE "DEKORON®-COATED” E.MLT., in service nearly 
seven years at the Charmin Paper Products Company, Green Bay, 
Wisconsin, has outlasted standard conduit ten to one. A tough coating 
of polyethylene plastic is applied end-to-end on strong but light- 
weight E.M.T., making it impervious to corrosive atmosphere. Send 
coupon for additional data, 





LOW-COST, CORROSION-RESISTANT SERVICE ENTRANCE LINES made 
up of Republic Semi-Rigid Kralastic Pipe and Tubing are gaining in- 
creasing acceptance for new and replacement use. SRK Pipe saves 
time and money in new connections through its low initial cost and 
ease of installation. Cutting is done with an ordinary handsaw. Lengths 
are joined with brush-applied solvent and socket-type fittings. On 
replacement jobs, SRK Tubing is threaded through existing line from 
tap toriser, eliminating costly trenching. Mail coupon for complete data. 
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REPUBLIC STEEL CORPORATION 
DEPT. CC -7445 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Send more information on: 
O X-TRU-COAT Plastic-Coated Steel Pipe 
and Tubing 
O ELECTRUNITE “DEKORON-COATED” E.M.T; 
OSRK Plastic Pipe 
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with uranyl salt solution in the reactor 
was better if it was immersed in that 
solution for 1-3 days and subsequently 
washed beforehand.—INCO. 15803 





6.3 Non-Ferrous Metals and 
Alloys—Heavy 





6.3.9 

Molybdenum: A Metal with a Great 
Future. V. Charrin. Chim. et Ind., 78, 
No. 4, 423-428 (1957). 

The history of molybdenum is out- 
lined. Its ores, extraction and uses in 
constructional, corrosion-resistant, high- 
temperature and tool steels are men- 
tioned. Applications in the chemical and 
allied industries are surveyed.—MA. 

15755 
6.3.9, 5.3.2, 3.5.9 

Molybdenum Alloys and Their Pro- 
tection Against Oxidation. (In French.) 
H. Buckle. Recherche Aéronautique, No. 
61, 35-52 (1957) Nov.-Dec. 

Theoretical and practical problems of 
use of molybdenum alloys for heat en- 
gine parts. Above 500 C protection must 
be provided by coatings. Those now 
available can be used at temperatures 
in excess of 1700 C, but are not entirely 
satisfactory when subjected to appreci- 
able mechanical stresses. Best protec- 
tive coatings now known are made of 
titanium, platinum and chromium, spe- 
cial nickel-iron-cobalt-chromium alloys 
having unusually low coefficients of ex- 
pansion; refractory alloys with nickel, 
iron or cobalt bases, with underlying 
layer of titanium, platinum or chromium; 
and alloys containing elements sucepti- 
ble of forming their own underlying 
layer, such as MoSiz. Properties of coat- 
ings, methods of application and effec- 
tiveness of coatings as influenced by 
application technique. 29 references.— 


MR. 15718 


6.3.9 

Coated Molybdenum-Base Alloys. R. 
T. Begley. S. A. E. Journal, 65, No. 7, 
70-71 (1957). 

Molybdenum-base_ solid-solution al- 
loys, such as molybdenum-0.22% tita- 
nium-0,08% zirconium, have 100-hr. rup- 
ture stresses up to 65,000 lb/in.? at 1800 
F (980 C) and 50,000 at 2000 F (1095 C). 
The disadvantages of this type of mate- 
rial are a high 9, the difficulty of obtain- 
ing high-strength joints, and the lack of 
oxidation-resistance. Protective coatings 
must be used if the alloys are to be ex- 
posed to oxidizing atmosphere above 
1000 F (540 C). Among the more prom- 
ising coatings are: electrodeposited chro- 
mium-nickel, sprayed aluminum-chromium- 
silicon, clad nickel or nickel-chromium 
and sprayed or brazed nickel-chromium- 
boron. The aluminum-chromium-silicon 
is effective below 2400 F (1315 C), but 
it is less ductile than the clad or plated 
coatings. Inconel-clad, molybdenum-3% 
niobium alloy nozzel vanes were engine- 
tested at > 2000 F for 30 hr. Two vanes 
showed evidence of cladding failure. 
Severe damage was observed in an ero- 
sion test. Multilayer coatings (metal + 
oxide) appear promising to achieve pro- 
tection without excessive impairment of 
ductility. MoSiz has potentialities at very 
high temperatures.—MA. 15513 


6.3.13 

Tantalum as a Corrosion Resistant 
Material. F. G. Cox. Corrosion Preven- 
tion and Control, 5, No. 3, 44-48 (1958) 
March. 

Discusses corrosion resistance of tan- 
talum in acids, alkalies, waters, gases at 
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elevated temperatures, and liquid metals, 
and reviews application of tantalum in 
chemical industry. Tabels summarize 
physical and mechanical properties of 
tantalum as well as corrosion resistance 
to long list of chemical agents. Photo 
shows tantalum lining for hydrochloric 
acid condenser.—INCO. 15463 


6.3.15, 6.3.20 

Materials for Corrosion Control. F. W. 
Fink, Battelle Memorial Inst. Ind. and 
Eng. Chem., 50, No. 1, 129A-131A (1958) 


Jan. 


Demand for greater production and 
efficiency stimulated by pressure of 
competition and increasing costs, has 
caused chemical and related industries 
to look more closely at new materials 
of construction now becoming available. 
Both titanium and zirconium are receiv- 
ing special attention, and research on 
their corrosion and other properties has 
been supported by both industry and 
government. Several thousand feet of 
titanium tubing and piping will be used 
to handle sea water at the new nickel 
plant of the Freeport Sulfur Co. in 
Cuba. Titanium plating, although not in 
the production stage, is being studied by 
Horizons, Inc. Except for greater re- 
sistance to alkali, zirconium approaches 
tantalum in corrosion resistance and re- 
cently there has been much interest in 
its use in chemical plants. Also, zirco- 
nium has what is known as a low neu- 
tron-capture cross section and because 
of this, it is used in nuclear applications 
as a cladding in pressurized-water re- 
actors to provide corrosion resistance 
for uranium fuel elements. Austenitic 
stainless steels and Inconel are being 
studied in dynamic corrosion loops for 
pressurized-water reactors. Use of in- 
hibitors, additives and cathodic protec- 
tion in corrosion prevention is discussed. 
Hydrogen sulfide corrosion and recent 
studies on factors affecting stress cor- 


rosion cracking are considered.—INCO. 
15563 


6.3.15, 3.7.2; 3.22 

Development of Improved Titanium 
Alloys for Application at Elevated Tem- 
peratures, B. S. Lement. Manufacturing 
Laboratories, Inc., for Wright Air 
Development Center, U. S. Air Force, 
March, 1958, 73 pp. Available from Of- 
fice of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 
(Order PB 131749). 


Marked improvement of the high- 
temperature strength of titanium results 
from additions of aluminum. Alloys with 
aluminum contents higher than six per- 
cent, however, may be brittle at room 
temperature. The nature of this embrit- 
tlement was studied in binary alloys 
containing six to 12 percent aluminum. 
Changes in bend ductility, hardness, 
precision length, electrical resistance, 
lattice parameters and microstructure 
which occur on solutionizing and aging 
were determined. It was found that the 
embrittlement is associated with segre- 
gation of aluminum atoms within the 
alpha solid solution. The segregation 
takes the form of roughly parallel stria- 
tions and these appeared to facilitate 
cracking during bend tests. Embrittle- 
ment was also found to be accompanied 
by decreases in specific volume and elec- 
trical resistivity—OTS. 15661 


6.3.15 

Titanium. Materials in Design Eng. 
Manual No. 142. J. L. Everhart. Mate- 
rials in Design Eng., 46, No. 5, 149-168 
(1957) October. 


Vol. 15 


Provides up-to-date information on all 
commercial and semi-commercial tita- 
nium alloys. Review covers alloys and 
grades available, mechanical properties, 
corrosion-resistance; sheet metal form- 
ing, forging, casting, machining, grind- 
ing, cleaning, finishing, heat treatment, 
hardening, welding, brazing and solder- 
ing; and applications, particularly in 
aviation, corrosion-resistant equipment 
and electronics. Numerous tables, graphs, 
photographs.—INCO. 15570 


6.3.15 

Alloys of Titanium with Tungsten 
and Aluminium. (In Russian.) N. T. 
Gudtsov and I. P. Panchenko. Izvest. 
Akad. Nauk S.S.S.R., Tekhn. No. 2, 139- 
143 (1957). 

The microstructure, hardness, creep 
strength and heat-resistance of alloys of 
titanium with aluminum 3% and tung- 
sten 5, 10, 15% were investigated. The 
impurities present consisted of carbon 
~0.5 and nitrogen ~0.02%. The micro- 
structure of the alloy titanium-3% alu- 
minum consisted of an acicular a-phase 
and a molecular phase. The alloys with 
additions of tungsten showed a trans- 
formed 8-phase and a molecular phase. 
The chemical analysis of this molecular 
phase was carbon 10.4-10.6, tungsten 
1.75-4.45%, balance titanium with traces 
of nitrogen. After heat-treatment at 800 
C the microstructure of the titanium- 
3% aluminum alloy consisted of grains 
of a-phase and molecular phase. The 
microstructures of alloys with additions 
of tungsten consisted of a molecular 
phase only. The heat-treatment decreased 
the hardness and increased the electrical 
resistance. The hardness increases with 
increase of tungsten content. The creep 
strength of the alloys at 600-650 C is 
not very high but increases with tung- 
sten content. Aluminum causes a slight 
increase in Oxidation-resistance at 600 C. 
—MA. 15813 


6.3.15, 3.7.3 

A Study of the Factors Influencing 
the Properties of Heat Treatable Tita- 
nium Sheet Alloys. R. S. Richards, D. L. 
Day and H. D. Kessler. Titanium 
Metals Corp. of America for U. S. 
Wright Air Development Center, U. S. 
Air Force, March, 1958, 280 pp. Avail- 
able from Office of Technical Services, 
U. S. Dept. of Commerce, Washington 
25, D. C. (Order PB 131769). 


The purpose of this project was to 
evaluate a number of factors which 
would influence the properties and sub- 
sequent heat-treating response of alloy 
titanium sheet. The resulting informa- 
tion has valuable practical application 
in the fields of design and fabrication 
of the sheet material. Two highly heat- 
treatable experimental sheet alloys, 
titanium-2 aluminum-6 molybdenum -2 
vanadium and titanium-4 aluminum-3 
molybdenum-1 vanadium, were exam- 
ined. Primary factors studied were 
effects of cold and warm rolling de- 
formations on mechanical properties. 
Tensile and bend tests at room and high 
temperatures were run on materials in 
the mill annealed, solution, treated, and 
aged conditions. Studies were also made 
of aging, strain rate effects, strain dis- 
tributions in long gauge length tensile 
specimens, metallographic examinations, 
dimensional stability measurements, 
dilatometric measurements during aging, 
stress-stability tests, modulus meas- 
urement, short-time exposure of solu- 
tion-treated-and-aged material to high 
temperatures, and a number of other 


factors.—OTS. 15995 
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6.3.15,32.2 

Intermediate Temperature Creep and 
Rupture Behavior of Titanium and Tita- 
nium Base Alloys. Part III. Effects of 
Hot Rolling, Embrittlement and Inter- 
stitial Elements. Period covered: March 
1, 1955 to December 31, 1955. Jeremy V. 
Gluck and James W. Freeman. Univer- 
sity of Michigan. U. S. Atomic Energy 
Commission Pubn., Wright Air Devel- 
opment Center, Technical Report 54-112 
(Pt. III), Sept. 6, 1957, 115 pp. 

Three major factors involved in the 
properties of titanium alloys at high 
temperatures were investigated. A lim- 
ited study was made of the influence of 
hot-working conditions on creep-rupture 
properties at 600 to 1000 F. The changes 
in room-temperature tensile test ductil- 
ity as a measure of embrittlement dur- 
ing creep testing at 75 to 1000 F were 
evaluated for a considerable number of 
specimens of several alloys. A limited 
study was carried out on the influence 
of hydrogen content and the hardness 
of the sponge (interstitial alloying ele- 
ments) used in making alloys. Creep- 
rupture properties and embrittlement 
during stressed exposure were evaluated 
for temperature of 600 to 1000 F. (auth.) 
—NSA. 15787 
6.3.15, 3.6.5 

On the Corrosion-Resistance of Tita- 
nium Alloys, Pt. I. The Relation Be- 
tween the Corrosion-Resistance and the 
Electrode Potentials of Titanium Alloys. 
(In Japanese.) Hideo Nishimura and 
Tsuyoshi Hiramatsu. J. Japan Inst. 
Metals, 21, No. 7, 465-469 (1957). 

The corrosion ratios and potential- 
time curves were measured for @ and B 
solid-solution, binary titanium alloys in 
20% hydrochloric acid solution. These 
quantities were also measured for tita- 
nium-aluminum-chromium alloys of vari- 
ous compositions in hydrochloric acid, 


sulfuric acid and oxalic acid solutions. 
—MA. 15871 
6:3:17;3:7.3 


Effects of Metal Purity and Heat- 
Treatment on the Corrosion of Uranium 
in Boiling Water. J. E. Draley and J. 
W. McWhirter. Argonne National Lab. 
U.S. Atomic Energy Commission Pubn., 
AN L-5029, April 14, 1953 (Declassified 
Feb. 12, 1957), 19 pp. Available from 
Office of Technical Services, Washing- 
ton, D. C. 

Corrosion rates of present reactor- 
grade uranium were measured in boiling 
distilled water and were found to have 
higher values almost by a factor of two 
than previously reported corrosion rates 
of uranium, Mallinckrodt biscuit metal 


showed corrosion rates in the same 
medium somewhat lower than reactor- 
grade uranium, and high-purity metal 


prepared at Argonne National Lab. cor- 
roded considerably less rapidly than the 
biscuit metal. Both reactor-grade metal 
and biscuit metal showed improvement 
in corrosion resistance as a_ result of 
heating into the B or, more effectively, 
the Y region and water quenching. In 
one test, furnace cooling from 1000 C 
gave the reactor-grade metal its lowest 
corrosion rate. The high-purity metal 
showed no such sensitivity to heat treat- 
ment but corroded at essentially the 
same rate regardless of thermal history. 
The possibility is raised that the reduc- 
tion of the corrosion rate of pure 
uranium by heat treatment is the result 
of the solubilizing and retention or re- 
distribution of impurities with respect to 
the matrix phase. The only impurity 
indicated to be important by the evi- 
dence at hand is iron. (auth.)—NSA. 
15781 


less 
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63.17; 3.7.3 

Heat Treatment and Properties of 
the Uranium-5 w/o Zirconium Alloy. 
H. A. Saller, F. A. Rough and A. A. 
Bauer. Battelle Memorial Inst. U. S. 
Atomic Energy Commission Pubn., 
BMI-915, May 17, 1954 (Declassified 
March 1, 1957), 28 pp. Available from 
Office of Technical Services, Washing- 
ten. De C. 

The transformation of the uranium-5 
wt% zirconium alloy during heat treat- 
ment is an important aspect of the 
alloy’s behavior. Quenching from the 
gamma-uranium solid-solution region is 
necessary to minimize corrosion in 100 
C water. In this quench condition, the 
alloy is hard and difficult to fabricate. 
In larger sections, the stresses built up 
during quenching can cause warping 
and rupture. Isothermal heat treatments 
appear to be the most effective means 
of avoiding these effects, without alter- 
ing the good corrosion resistance. 
(auth.)—NSA. 15427 


6.3.20, 4.3.3, 4.7, 3.4.9 

Reaction of Zircaloy-2 with Water and 
with Uranyl Sulfate Fuel Solution. 
Monthly Progress Rept. No. 2 (for) 
August 1 through August 31, 1957. Aerojet 
General Corp. for Oak Ridge National 
Lab. U. S. Atomic Energy Commission 
Pubn., AGC-AE-37, October 1, 1957, 
11 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 

The objective of these investigations 
is to determine whether the reaction of 
molten Zircaloy-2 with uranyl sulfate 
fuel solution (as used in the HRT) is 
significantly different from the reaction 
of Zircaloy-2 with water under identical 
conditions. The scope of the work in- 
cludes the determination of the violence 
and extent of the reaction under the 
following conditions: solid Zircaloy-2 
burning in oxygenated water and in 
oxygenated uranyl sulfate solution at 
280 C and 2000 psig; molten Zircaloy-2 
spray in water and in uranyl sulfate 
solution at atmospheric pressure and 
temperature (using the Aerojet Explo- 
sion Dynamometer); molten Zircaloy-2 
spray in oxygenated water and in oxy- 
genated uranyl sulfate solution at 280 C 
and 2000 psig; and molten Zircaloy-2 
(in bulk form) in both oxygen-free and 
oxygenated water at 280 C and 2000 
psig, in both oxygen-free and oxygen- 
ated uranyl sulfate solution at 280 C 
and 2000 psig, and in both oxygen-free 


and oxygenated water vapor at 2000 
psig. (auth.)—NSA, 16137 
6:3:21, 13 


The Technology of Thorium. |. | 


March, Jr. and J. R. Keeler. Battelle 
Memorial Inst. U. S. Atomic Energy 
Commission Pubn., BMI-76, July 18, 


1951 (Declassified Feb. 14, 1957), 32 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

A critical survey is presented of in- 
formation available at the present time 
in the project literature and unpublished 
data on production methods, fabrica- 
tion techniques, and chemical, physical, 
and metallurgical properties of thorium 
metal, 56 references.—NSA. 15862 


6.3.20, 3.7.3, 3.4.9 

Corrosion Behavior of Zirconium-Base 
Uranium Alloys. U. Merten and D. C. 
Belouin. Knolls Atomic Power Lab. 
U.S. Atomic Energy Commission Pubn., 
KAPL-1570, June 15, 1956 (Declassified 
March 28, 1957), 39 pp. Available from 
Office of Technical Services, Washing- 
ton, 1: C, 


Vol. 15 


The corrosion behavior in high-tem- 
perature water of zirconium-base alloys 
containing 7 to 8 wt% of uranium was 
studied. A marked dependence of be- 
havior on prior heat treatment was 
observed. In the annealed condition the 
alloys lost weight at rates of the order 
of one mg per dm’ per hr of exposure 
to 360 C water. In the quenched con- 
dition the same alloys gained weight 
consistently, without any visible loss of 
oxide, for periods up to 4000 hr in 
length. The use of sponge zirconium or 
a Zircaloy in place of crystal bar zirco- 
nium in preparing the alloy had no 
noticeable effect on the corrosion resist- 
ance of the annealed material, but ap- 
peared to increase the corrosion rate 
observed after quenching. (ath.)—NSA. 

15910 


6.3.20, 4.3.2 

The Corrosion Resistant Properties 
of Zirconium. Pt. I. F. G. Cox. Corro- 
sion Prevention and Control, 5, 39-42 
(1958) April. 

Purity of zirconium affects its cor- 
rosion resistance. Low-carbon (0.04%) 
zirconium metal is attacked by hydro- 
fluoric acid, concentrated sulfuric acid 
and solutions of ferric chloride and cup- 
pric chloride; and is resistant to hydro- 
chloric acid, phosphoric acid, dilute 
sulfuric acid and alkalies. Special alloys, 
developed for high-temperature use with 
water.—MR, 16054 


6.3.17, 4.6.2, 8.4.5 

Pressurized Water Reactor Fuel Ele- 
ment Development Program. Lloyd B. 
Kramer, editor, Westinghouse Electric 
Corp. U. S. Atomic Energy Commission 
Pubn., WAPD-M-44, Nov. 24, 1953 (De- 
classified March 12, 1957), 48 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

Two classes of high uranium alloys 
are known to possess superior corrosion 
resistance to high temperature water. 
These are the y-phase stabilized alloys 
typified by the uranium-molybdenum 
class and the @-phase alloys of which 
a 3% miobium in uranium composition 
is an example. The former type prob- 
ably possesses adequate corrosion. re- 
sistance (at least for a 3000 hr core) 
and can probably be developed so as to 
exhibit suitable corrosion resistance for 
even longer periods, It suffers the dis- 
advantage of introducing a large amount 
of poison into the system since at pres- 
ent 8 to 9 wt% molybdenum is the mini- 
mum required. The latter type is more 
desirable in regard to cross-section but 
shows insufficient corrosion resistance 
for the Shippingport Pressurized Water 
Reactor (PWR) application since the 
maximum temperature of usefulness is 
limited at present to 500 F. Both types 
of alloys are benefited when restrained 
in claddings. By suitable combination of 
proper cladding technique and judicious 
selection of ternary addition elements, 
it is believed that the prospects for 
development of a core alloy showing 
adequate corrosion resistance at an ac- 
ceptable poison level through defects in 
the claddings under Pressurized Water 
Reactor operating conditions are quite 
good. (auth.)—NSA. 15819 


6.3.17, 8.4.5 

Uranium and Its Alloys (in Use in 
Nuclear Reactors). R. W. Nichols. Nu- 
clear Eng., 2, No. 18, 355-364 (1957). 

The physical and mechanical proper- 
ties of uranium and its alloys relevant 
to its use as a nuclear fuel in reactors 
are summarized. Topics discussed in- 
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clude: anisotropy of physical properties; 
distortion and swelling induced by ther- 
mal cycling through the a — B trans- 
formation (662 C) and the effect of 
alloying on this; mechanical properties 
(tensile, impact, creep), including effect 
of alloying and heat-treatment; compati- 
bility with other materials, e.g. canning 
metals (aluminum, iron, niobium, tanta- 
lum), water, gases (hydrogen, oxygen, 
carbon dioxide); fabrication (melting, 
casting, hot and cold working, powder 
metallurgy, machining, welding) ; effects 
of irradiation, viz. irradiation creep (Cot- 
trell effect), swelling due to gases fission 
product formation after heavy irradia- 
tions. The properties of uranium are 


tabulated —MA. 15861 





6.4 Non-Ferrous Metals and 
Alloys—tLight 





6.4.2, 8.9.5 

Aluminum in Ships. C. W. Leveau. 
Kaiser Aluminum & Chemical Sales, 
Inc. Paper before Soc. Naval Architects 
and Marine Engrs., Gulf Section. Mod- 
ern Metals, 13, No. z 42, 44, 46-47 (1957) 
August, 

Use of aluminum in ship construction 
is widespread in Europe and has been 
increasing in the U. S. since end of 
World War II. Due to practical experi- 
ence and technical developments, alumi- 
num may be regarded as one of the 
most modern and useful of shipbuilding 
materials. New alloys with high corro- 
sion resistance and high weld strength 
include 5154, 5086, 5083 and X5356. In 
accelerated stress corrosion tests using 
preformed specimens and also in natural 
environment tests of over 4 years dura- 
tion, no stress corrosion failures were 
obtained in completely unprotected 5083 
and 5086 alloys in commercial tempers 
under severest conditions. Their stress 
corrosion resistance in marine atmos- 
pheres at ambient temperatures is con- 
sidered excellent. In sea water, common 
aluminum alloys will initially undergo 
pitting corrosion. Pitting may begin at 
a large number of sites and extend into 
metal to a depth of 2-3 mils. However, 
subsequent rate of pitting decreases very 
markedly, This has been called the self- 
stopping nature of corrosion of alumi- 
num and is probably due largely to for- 
mation of protective corrosion products 


over small pits. Photos, diagrams.— 
INCO. 15811 
6.4.2, 8.4.5, 4.7 


S-D-R Progress Report Advances 
Aluminum as a Barrier Material. Amer- 
ican Metal Market, 65, No. 54, 10 (1958) 
March 10. 

In experiments carried out by re- 
searchers of the Nuclear Corporation of 
America, aluminum sheet was subjected 
for 16 hours and at 950 F to the effects 
of a jet of sodium metal. Since the sur- 
face showed no signs of corrosion, alu- 
minum is considered as a barrier mate- 
rial between the heavy water moderator 


and the sodium coolant used in the 
sodium-deuterium reactor under devel- 
opment.—ALL. 15446 


6.4.2, 4.6.2 

Attack of Water on Aluminum at 
High Temperatures. (In German.) P. 
Lelong and J. Herenguel. Metall, 12, 
176-179 (1958) March. 

Corrosion of aluminum investigated 
by metallographic examination of speci- 
mens exposed to water at various tem- 
peratures. Three main stages of corro- 
sion are formation of a homogeneous 
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covering layer; intercrystalline effect; 
and asymmetric point-like corrosion. In- 
creasing temperature accelerates the 
process.—MR. 15424 


6.4.3, 4.6.2 

Corrosion of Beryllium in 600 F 
Water. D. S. KNeppeL, Nuclear Metals, 
Inc. U. S. Atomic Energy Commission 
Pubn., NMI-1190, September 10, 1957, 
21 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 
_ In a study of certain variables af- 
fecting the corrosion resistance of 
beryllium in 600 F water, the metal had 
a maximum life of 140 to 160 days 
before accelerated local attack. Of the 
various fabrication procedures studied, 
only quenching from about 1750 F gave 
any indication of improving corrosion 
resistance. Among the alloys tried, 0.66 
wt % nickel gave similar promise; one 
such sample accumulated 280 days’ ex- 
posure to 600 F water, without signs 
of failure. (auth.)—NSA. 15345 


6.4.3 

Beryllium. G. L. MiLter. Murex, Ltd. 
Nuclear Power, 2, 438-440a (1957) Oct. 

The fabrication of beryllium is sum- 
marized. Discussions are included on the 
consolidation of metal powder, the im- 
portance of particle size, corrosion re- 
sistance, health hazards, applications and 
future, beryllium as a structural mate- 
rial, weight saving and the oxide as a 
nuclear moderator. A data sheet of the 
physical and mechanical properties of 
beryllium is included—NSA. 15372 





6.6 Non-Metallic Materials 





6.6.5, 5.4.5, 4.3.2 


Protecting Concrete Against Corro- 
sion. H. R. Toucuin. Corrosion Tech- 
nology, 4, No. 12, 417-419 (1957) Dec. 

Considers corrosive agents that at- 
tack concrete and cement and types of 
surface coatings that can be used for 


their protection. Most aggressive cor- 
rodents are acids; all mineral acids 
attack concrete rapidly while organic 


acids vary in intensity of attack. Bitumens 
and chlorinated rubber paints are limited 
to specific uses. Introduction of epoxide 
resins has created possibility of more 
universal type of surface coating, one 
which can be used under variety of 
conditions. Epoxide resins are applied 
without pretreatment, exhibit outstand- 
ing corrosion resistance, prevent mold 
growth and are easily cleaned.—INCO. 
15128 

6.6.6, 4.7 
Interaction of Uranium and Its Al- 
loys with Ceramic Oxides. H. M. Ferner, 
N. R. CHELLEW AND C. L. Rosen. Ar- 
gonne National Lab. U. S. Atomic 
Energy Commission Pubn., ANL-5765, 


July, 1957, 21 pp. Available from Office 
of Technical Services, Washington, 
by, 


The corrosion of ceramic oxides by 
molten uranium and its alloys was ex- 
amined. Dense, high-purity alumina, 
magnesia, zirconia, beryllia and thoria 
were studied. The studies included: (a) 
wettability of ceramics; (b) products of 
reaction; (c) mechanism of reaction; (d) 
conte :mination of molten uranium by cru- 
cible material; and (e) the effect of al- 
loying additions on these. (auth).—-N.S.A. 

14894 
6.6.6, 4.3.3 

Corrosion of Silicate Glasses by Al- 

kaline Solutions. Part 2. Relationship 
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Between the Composition of Glasses and 
Their Stability with Respect to the Ac- 
tion of Alkalies. V. S. MoLcHANOV AND 
N. E. Prixuw’xo. J. Applied Chem., 
USSR (Zhurnal Prikladnoi Khimii), 31, 
No. 1, 3-7 (1958). 

Stability to alkaline solutions was 
determined for glasses of the type 
(87—x)% silicon dioxide *x% RO*13% 
sodium oxide, where R is beryllium, 
magnesium, calcium, strontium, barium, 
zinc, cadmium, lead; for double sodio- 
silicate glasses containing 13-33.3% 
mole-% sodium oxide; and for titanium- 
containing flints. 3 tables, 16 references. 
—ATS 15170 





8. INDUSTRIES 





8.4 Group 4 





8.4.5, 1.2.5 


MTR-HRP Rocking Bomb Experi- 
ment ORNL-15. J. R. McWherter. Oak 
Ridge National Lab. U. S. Atomic En- 


ergy Commission Pubn., CF-55-5-158, 
May 24, 1955 (Declassified Sept., 1957). 
12 pp. Available from Office of Tech- 


nical Services, Washington, D. C. 

A study of the effect of high fission 
density on corrosion of reactor compo- 
nent materials in contact with homo- 
geneous fuel solution is proposed. A 
small bomb made of the metal to be 
tested is partially filled with fuel solu- 
tion and rocked to permit wetting of all 
surfaces. The bomb is initially pressur- 
ized with oxygen and the decrease of 
this pressure with time is used to de- 
termine the corrosion rate-—NSA. 15902 


8.4.5, 3.5.4 


Radiation Effects in the Chemical 
Processing of Fast Oxide Breeder Fuel. 
Samuel S. Jones. Knolls Atomic Power 
Lab. U. S. Atomic Energy Commission 
Pubn., KAPL-M-SSJ-3, May 31, 1956 
(Declassified March 12, 1957), 19 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

In processing spent fuel from the 
KAPL Plutonium Power Breeder Re- 
actor in the Purex Process the effect of 
radiation damage becomes prominent. 
The effect of the radiation on the fol- 
lowing process factors is discussed; 
temperature, gas evolution, viscosity, 
corrosion, solute oxidation states, sol- 
vent deterioration and phase interface 
behavior.—N SA. 15906 


8.4.5, 3.4.3 

HRP-CP: Conclusions Corcerning the 
Predicted Behavior of Insoluble Corro- 
sion and Fission Products in the HRT. 


P. A. Haas, W. D. Burch, R. W. Hor- 
ton and R. A. McNees, Oak Ridge 
National Lab. U. S. Atomic Energy 


Commission Pubn., CF-58-1-97, January 
23, 1958, 43 pp. Available from Office of 
Technical Services, Washington, D. C. 

Information available from HRP-CP 
development studies was summarized and 
used as a basis for predicting the prob- 
able behavior of corrosion and _ fission 
product solids in HRT and its associ- 
ated chemical processing plant, Opera- 
tion of the chemical plant will probably 
limit the HRT criculating solids con- 
centration to between 10 and 100 ppm; 
quantitative predictions are uncertain 
due to uncertainties concerning the 
characteristics of reactor solids and the 


effects of reactor geometries. (auth.)— 
NSA. 15940 
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New ‘“‘Jal-Jacket”’ pipe, combining the corrosion resist- 
ance of rigid polyvinyl chloride with the strength of 
steel, offers you these cost-cutting advantages in han- 
dling corrosive liquids. 

LOW INITIAL COST. ‘“Jal-Jacket” pipe costs less 
than other lined metal pipe. 

LOW COST INSTALLATION AND MAINTE- 
NANCE. Ends grooved for Victaulic couplings permit 






ae 


handles corrosive liquids 
ee Vestn UU ae 
e at temperatures to 150°F. ; 


quick, easy make-up. Entire systems can be dismantled 
and re-assembled without damage to the PVC lining. 
“‘Jal-Jacket”’ can be cut to length and joined on the job. 
Requires no troughs or other costly supporting devices. 


LONGER SERVICE LIFE. Plastic liner is bonded 
securely to the steel jacket. The ends are fully protected 
with plastic providing continuous protection from chem- 
ical attack. Steel jacket assures a tough, rugged product. 


Jones & Laughlin Steel Corporation 


PITTSBURGH, PENNSYLVANIA 
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STE - i FIELD END CUT 
*a rigid unplasticized polyvinyl chloride tube jacketed 


with electric-resistance welded steel pipe. 


Jones & Laughlin Steel Corporation 
3 Gateway Center, Pittsburgh 30, Pa. 


P ‘ Send information on ‘‘Jal-Jacket”’ 
“‘Jal-Jacket” is currently avail- a 


able in 20 foot mill lengths in 
three sizes, 234 '’, 34%’, 444’ O.D. 
Get complete details by mailing 
this coupon today. 


[| Have J&L representative call 
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8.4.5, 4.3.4, 4.3.2 

Evaluation of Container Materials for 
Zircex and Darex Nuclear-Fuel-Recov- 
ery Processes. Paul D. Miller, Charles 
L. Peterson, Earl L. White and Fred- 
erick W. Fink. Battelle Memorial Inst. 
U.S. Atomic Energy Commission Pubn., 
BMI-1242, December 11, 1957, 44 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

The selection of a suitable material 
for the processing equipment is most im- 
portant in fuel-recovery processes. The 
problem arises because of the aggressive 
nature of the reagents that must be used 
for disintegrating or dissolving some 
spent fuel elements. In this investiga- 
tion, corrosion tests were made under 
conditions simulating those that may 
occur in several proposed processes in 
order that candidate materials of con- 
struction could be evaluated. No mate- 
rial has been found which would allow 
both the hydrochlorination and dissolu- 
tion steps of the vapor-phase Zircex 
process to be carried out in a single ves- 
sel. For a two-vessel process, several 
materials, such as Inconel, Haynes 25, 
Type S-816 alloy, Illium R, and the 
Hastelloys B and C, appear promising 
for construction of a hydrochlorinator; 
the dry residue would then be trans- 
ferred to another vessel, perhaps of 
titanium or tantalum, for dissolution, In 
the alternate liquid-phase Zircex process, 
preliminary tests have given promising 
results with nickel and nickel-chromium 
alloys. However, the only metals studied, 
which withstand the corrosive boiling 
aluminum-ammonium chloride plus gase- 
ous hydrochloric acid environment with 
but negligible weight losses have been 
platinum, gold, tungsten, and molyb- 
denum. A variety of laboratory studies 
have shown that titanium will appar- 
ently withstand any condition likely to 
occur in the critical areas of the Darex 
including the dissolver and 
chloride-stripping column, It will un- 
dergo a severe attack in hydrochloric acid 
vapor, but this is easily prevented by 
the presence of a ae amount of nitric 
acid vapor or oxides of nitrogen. Tanta- 
lum is another promising material dis- 
closed by these tests, but its use in the 
dissolver seems negated because embrit- 
tlement was detected under certain con- 
ditions. No signs of cracking or other 
attack have been observed on Type 347 
stainless steel specimens exposed at 
room temperature with various levels of 
stress for over 6 months to Purex-type 
acid extraction systems containing chlo- 
rides far in excess of the concentrations 
expected during operations of either the 
Zircex or Darex head-end_ processes. 


(auth.)—NSA. 15453 


8.4.5, 5.11 

Impact of the Atom on the Design 
and Manufacture of Pressure Vessels. 
DD. K. Davies. Paper before Atomic In- 
dustrial Forum, 4th Annual Conference, 
New York, October 28-31, 1957, 7 pp. 
Paper No, 57-AIF-74. Can. Metalwork- 
ing, 21, No. 4, 8-10, 12, 14, 16 (1958) 
April. 

Description of characteristic problems 
associated with design and manufacture 
of nuclear equipment. When subjected 
to intense bombardment from high en- 
ergy neutrons most carbons and low 
alloy steels undergo radiation damage 
which results in changes in physical 
properties of the material. Characteris- 
tics of radiation damage are an increase 
in tensile strength and yield strength 
of the material, a decrease in ductility 
and a loss of ability to absorb suddenly 


86a 


process, 


138 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


applied loads. Effect of radiation dam- 
age can therefore be minimized through 
the use of materials which have low 
transition temperatures and high initial 
impact resistance. All reactor vessels 
must have internal surfaces which are 
corrosion resistant. In the case of liquid 
metal cooled reactors, reactor pressure 
vessel is usually fabricated from auste- 
nitic stainless steel. For pressurized 
water reactors it is more economical and 
more practical, because of higher cool- 
ant pressures used, to fabricate reactor 
pressure vessel from carbon or low alloy 
steels. When this is done, internal sur- 
face of reactor vessel is made corrosion 
resistant by the addition of a thin aus- 
tenitic stainless steel cladding.—INCO. 

15681 
8.4.5, 6.3.17, 4.7, 3.4.6, 4.4.1 


Corrosion of Uranium, Thorium and 
Uranium Alloys in Sodium and Or- 
ganics. Harry Pearlman. Atomics Inter- 
national, Div. North American Aviation, 
Inc. U. S. Atomic Energy Commission 
Pubn., TID-7546 (p. 565-587), p. 565-87 
of Fuel Elements Conference, Paris 
November 18-23, 1957, 23 pp. (NAA- 
SR-Memo-2169). 

Sodium and sodium-potassium alloys 
and the polyphenyl class of organic 
compounds possess certain advantages 
over water for use as reactor coolants. 
There are no reactions between uranium 
and the pure liquid metals; but thermo- 
dynamic data predicts that formation of 
uranium carbide and uranium hydride is 
possible in reactions with organics and 
with their pyrolytic and radiolytic prod- 
ucts. Available experimental data are re- 
viewed for uranium and uranium alloys 
exposed both to sodium and _ sodium- 
potassium alloys in static and dynamic 
systems. Effects of irradiation on corro- 
sion rate do not appear to be sigi nificant. 
The observed corrosion rate of uranium 
and uranium alloys depends very 
strongly on the impurity, especially oxy- 
gen, content of the liquid metal. In cap- 
sule type static corrosion experiments, 
made with liquid metal with oxygen 
content near 0.01 wt.% (100 ppm), cor- 
rosion rates are of the order of 10 
mg/cm’-month at temperatures up to 
750 C. Uranium dioxide and UO have 
been identified as corrosion products. In 
dynamic systems, corrosion rates of 
more than 600 mg/cm’-month have been 
observed at 500 C with oxygen content 
ranging near 0.005 wt.% (50 ppm). Cor- 
rosion rates of uranium and uranium 
alloys i purified biphenyl are of the 
order of 1 mg/cm*-month at tempera- 
tures up to 400 C in static systems. 
Under dynamic conditions in loop ex- 
periments, rates are perhaps five times 
greater. Formation of uranium carbide, 
through UHs as an inferred interme- 
diary, has been observed in monoiso- 
propyl biphenyl under hydrogen gas 
pressures of the order of 100 psi. Im- 
purities dissolved in the organic, such 
as air, Oxygen, or water, greatly accel- 
erate the corrosion rate. It is concluded 
that the corrosion rate of uranium and 
its alloys in liquid sodium and sodium- 
potassium is low enough to permit the 
use of a static liquid metal bond be- 
tween the fuel and a cladding of some 
other metal. Exposure of relatively large 
surfaces of fuel to circulating liquid 
metal coolant appears not feasible, be- 
cause of the difficulty of adequate con- 
trol of oxygen in a large volume liquid 
metal system. There would be no ad- 
vantage in reactor performance in direct 
exposure of unclad fuel to an organic 
coolant; but, in case of accidental ex- 


posure by way of a cladding failure, the 
corrosive attack would be relatively very 
slow. (auth.)—NSA. 15884 


8.4.5, 6.4.2, 6.2.5, 6.3.20 

Corrosion of Fuel Element Materials 
for a Low Enrichment Power Reactor. 
A. L. Medin and R. J. Clark, Jr. Alco 
Products, Inc. U. S. Atomic Energy 
Commission Pubn., APAE-Memo-44, 
August 1. 1956 (Declassified July 3, 
1957), 175 pp. 

To determine their possible use as 
fuel element material, an evaluation was 
made of the corrosion characteristics of 
aluminum, zirconium, stainless steel and 
their alloys. The corrosion behavior of 
these metals under conditions that 
would prevail in a low enriched water 
cooled and moderated reactor of the 
APPR is as follows: Zircaloy-2 and 3 
are more suitable for reactor applica- 
tion than crystal bar zirconium. The 
average corrosion rate for zircaloy-2 in 
500 F water is 0.05 mg/cm’/mo, Stain- 
less steel was the most corrosion resist- 
ant material investigated; its corrosion 
rate in 500 F water averages 0.04 mg/ 
cm’?/mo. Commercial 2S aluminum is 
unsatisfactory above 400 F. However, 
when alloyed with nickel or copper, or 
plated with nickel, corrosion rates are 
significantly reduced. In 500 F water 
(pH-7) the corrosion rate of aluminum- 
1% nickel and aluminum-6% copper 
alloys is approximately 0.9 mg/cm’*/mo 
(1.5 mils/yr) at a flow rate of 6 fps. 
Generally, corrosion rates of all these 
metals vary considerably with changes 
in temperature, flow rate, pH and other 
conditions. NSA. 15981 





8.4.5, 4.7 

Some Studies of the Reaction Between 
Sodium and Bismuth. R. I. Hawes. 
United Kingdom Atomic Energy Au- 
thority. Research Group. Atomic En- 
ergy Research Establishment, Harwell 
3erks, England, Sept., 1957, 13 pp. 

In a circulating fuel, liquid metal 
fueled reactor, a secondary liquid metal 
coolant circuit is likely to be used. There 
is interest in a solution of uranium in 
bismuth as a fuel and sodium as a sec- 
ondary coolant, An exothermic reaction 
occurs between sodium and_ bismuth 
leading to a high melting point inter- 
metallic compound. This paper discusses 
the effects which might occur if a leak 
occurred in the primary heat exchanger 
and reports some experiments which 


were carried out to investigate these 
effects. (auth.)—NSA. 15802 
8.4.5, 6.2.5 


Activity from Stainless Steel in Pile 
Water. Progress Report (for) November 
30, 1945. R. B. Briggs, O. Sisman and 
B. Manowitz. Clinton Labs. U. S. 
Atomic Energy Commission Pubn., 
MonN-36, Dec. 11, 1945 (Declassified 
Feb. 28, 1957), 13 pp. Available from 
Office of Technical Services, Washing- 
ton, D.C, 

Water was passed through a stainless 
steel tube installed in the Clinton pile 
to determine the sources of the activity 
present in exit water. It was found that 
most of the activity resulted from the 
corrosion or recoil of active atoms from 
the stainless steel and appeared that the 
recoil mechanism contributed the larg- 
est amount. The activity of greatest in- 
tensity was that from Mn™ derived from 
the stainless steel. Intensities of activi- 
ties induced in the chlorine and sodium 
dissolved in the water were next great- 
est in that order. (auth.)—NSA. 15522 
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Basic engineering information about DURIRON impressed current anodes for cathodic protection. 


Protection of a 30” Steel Water Line 


Duriron Anodes Installed Without Backfill 


THE PROBLEM: An isolated section of 11,000 feet of 30” steel water 





line needed cathodic protection. Tests showed the current require- 
ments to be about 40 amperes, but it was planned to replace a section 
of the adjacent wood-stave line with steel, so extra capacity was de- 
sired. Only one site, about 4000 feet from one end of the section, had a 
power supply available. The ground at this location was a peat bog, 
with a resistivity of 4000 ohm-centimeters. The water table stood 
within six inches of the surface, making it impossible to get a dry, 


clean hole for the installation of anodes. 


THE INSTALLATION: Thirty-two Duriron 
Type D anodes (2” x 60”) were used, without 
backfill (Fig. 1). They were installed by dig- 
ging through the dry surface soil for about one 
foot, and then pushing the anodes down until 
the tops were three feet below the surface (Fig. 
2). The calculated resistance for the thirty-two 
anode group, at twenty foot spacing in two 
rows, was one ohm, based on previous experi- 
ence with similar installations. Had it been 
possible to install anodes in conventional back- 
fill columns, the requirements could have been 
met with twenty-two anodes. Under the cir- 
cumstances, the use of bare anodes effected a 
considerable saving. | 


32 DURIRON ANODES 
IN 2 ROWS OF 16 
ACH * SPACING 


475’ ALONG ROAD 
TO PIPELINE 


RECTIFIER AND 


30" STEEL PIPELINE 
Fe ee TA PR SERVICE POLE 





Fig. 1—IIlustration of anode spacing 


THE PERFORMANCE TO DATE: The anode 
bed is discharging 60 amperes at a terminal 
voltage of 59 volts. The entire line section is 
under protection, the minimum potential being 
1.18 volts (referred to a copper-copper sulfate 
electrode placed over the line). This affords 
ample margin to handle anticipated additions 
to the line. It should be noted that the calcu- 
lated anode resistance R = .005p is quite close 
to the actual resistance of R = .00491p. 





Fig. 2—Method of installing anodes 


THE DURIRON COMPANY, INC. 
Dayton 1, Ohio 
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